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A Seven-Day Journal 


International Exchange of Students for 
Technical Experience 


ue fourth annual report of the Inter- 
national Association for the Exchange of 
Students for Technical Experience has been 
issued this week. It records that the number 
of member countries is now sixteen, a figure 
which is likely to increase to nineteen in the 
near future. The number of students who, 
through the work of the Association, visited 
other countries than their own to gain experi- 
ence in industry and commerce last summer was 
2433, an igerease of 761 when compared with 
the preceding year. It is interesting to note 
that Sweden received the highest number— 
639—with this country second at 457. Of the 
students sent abroad last summer by the 
countries belonging to the Association, 53 
were studying aeronautics, 213 chemical engi- 
neering, 135 chemistry, 279 civil engineering, 
344 electrical engineering, 708 mechanical 
engineering, 131 metallurgy, 169 mining, 69 
naval engineering and shipbuilding, 11 oil 
technology, 57 physics, and 18 were studying 
textile engineering. The report makes the 
general observation that, although progress 
is satisfactory, when reviewed internationally, 
there are still insufficient places in some 
countries to meet the needs of all the students 
who wish to obtain experience abroad. The 
hope is therefore expressed that all industrial 
and commercial concerns willing to participate 
in the work of the Association will bear that 
fact in mind when making their offers to 
receive students during 1952: Mr. J. Newby, 
of the Imperial College of Science and Tech- 
nology, South Kensington, London, 8.W.7, 
continues to act as general secretary of the 
Association. 


Lloyd’s Register of Shipping 


Lioyp’s REGISTER OF SHIPPING has issued 
its shipbuilding returns for the quarter ended 
September 30, 1951. In Great Britain and 
Northern Ireland 368 steamers and motorships 
of 2,271,640 tons gross were under construction, 
the highest total since December, 1921, and 
157,321 tons more than the previous quarter. 
Ships on the stocks numbered 275 of 1,745,292 
tons, and there were fitting out 93 ships of 
526,348 tons. During the quarter 75 ships of 
423,602 tons were eommenced, 51 ships 
of 242,446 tons were launched and 53 ships of 
268,638 tons were completed. ‘Tonnage for 
registration abroad amounted to 119 ships of 
801,877 tons, representing 72,564 tons more 
than at the end of June last and 35-3 per cent 
of the ships being built in this country. Oil 
tankers, over 1000 tons, under construction 
totalled 108 ships of 1,255,754 tons, an increase 
of 73,999 tons over the last quarter and 
55:3 per cent of the total construction. Plans 
have been approved and material ordered for 
277 ships of 1,989,706 tons, of which 67-9 per 
cent are tankers. Abroad, 834 ships of 
3,192,862 tons. were building, a decrease of 
24,033 tons compared with the last quarter, but 
the figures for China, Poland and Russia are 
not included. During the quarter the ships 
commenced totalled 166 of 546,508 tons, those 
launched amounted to 170 ships of 536,934 tons, 
while 197 ships of 536,401 tons were com- 
pleted. Of the tonnage building abroad, 
847,408 tons, or 26-5 per cent, are intended for 
registration elsewhere than the country of 
build. Oil tankers of 1000 tons and over 


amounted to 91 ships of 988,235 tons, being 
123,653 tons more than last quarter and repre- 
senting 31 per cent of the total tonnage building 
abrcad. Throughout the world 1202 steamers 
and inotorships of 5,464,502 tons were under 


construction, 41-6 per cent in Great Britain 
and Northern Ireland. The total includes 121 
ships of between 6000 and 8000 tons each, 
64 ships of between 8000 and 10,000 tons each, 
174 ships of between 10,000 and 15,000 tons 
each, 35 ships of between 15,000 and 20,000 
tons each, 15 ships of between 20,000 and 
30,000 tons, and the ‘‘ United States” of 
51,500 tons. The world construction of oil 
tankers over 1000 tons amounted to 199 ships 
of 2,243,989 tons, an increase of 197,652 tons 
since the end of June and representing 41-1 per 
cent of the total tonnage under construction. 
Of the ships building throughout the world, 
3,569,467 tons (65:3 per cent) are under 
Lloyd’s Register. 


Load Shedding Warnings by Radio 

Tue British Electricity Authority has now 
completed arrangements with the B.B.C. for 
broadcast warnings to be given of impending 
power cuts. Starting on Monday next, October 
29th, these warnings will be broadcast in the 
Light Programme on the 1500m wavelength, 
and may be given at any time between 7.30 
and 12.30 in the morning, and 3 and 6 in the 
evening on the five days, Monday to Friday. 
The B.E.A. explains that the warnings of 
impending power cuts can only be issued after 
the decision to shed load has been taken by the 
engineer in the Authority’s national control 
centre, and the actual load shedding must 
begin within a few minutes if widespread break- 
down of supply is to be avoided. The only 
practical method of giving warnings just before 
the cuts take place is by radio broadcast. The 
warning messages will be sent by teleprinter to 
Broadcasting House from the British Electricity 
Authority’s national control centre, and special 
arrangements have been made by the B.B.C. 
for them to be broadcast immediately. This 
means that the Light Programme on the 1500m 
wavelength will be interrupted as necessary 
while normal broadcasting is in progress. The 
country has been divided into a number of 
load-shedding areas, designated by numbers, 
and the extent of the shedding will be indicated 
by numbered 5 per cent stages. Important 
industrial consumers, for whom the warnings 
are primarily intended, will be notified by the 
Area Electricity Boards of their area numbers 
and of the details of their shedding rotas, so 
that they will be able to recognise any warnings 
which apply to them. Other consumers who 
will require warnings should ask their local 
Area Boards for the full details applicable to 
them. In view of the short time available for 
the issue of the warnings each message will 
have to be as short as possible. In announcing 
this scheme, the British Electricity Authority 
emphasises that, owing to the complexity of 
the grid system and the present difficult operat- 
ing conditions, there may be emergencies when 
power cuts will have to be made with such 
urgency that no warning will be possible. On 
some occasions, it may be impossible, for tech- 
nical reasons, to carry out load shedding in 
small sections of areas for which warnings have 
been issued. 


Director-General of Electronics 
Production 

THE Ministry of Supply has announced that 
Mr. N. C. Robertsoa, deputy managing director 
of E. K. Cole, Ltd., has accepted the position of 
Director-General of Electronics Production. 
He will take over his new duties, which are on a 
voluntary basis, early in November. Mr. 
Robertson will be responsible for the production 
of all radio, radar, telecommunication and 
electronic equipment for the Ministry of Supply. 
Mr. Robertson, who is forty-three, has been 





connected with the radio industry since 1924, 
when he was apprenticed to the Sterling 
Telephone and Electric Company, Ltd. From 
1926-28 he was an engineer with Marconi’s 
Wireless Telegraph Company, Ltd., and from 
1928-30 chief inspector with Kolster Brandes. 
In 1930 he joined E. K. Cole, Ltd., with whom 
he has been successively chief inspector, pro- 
duction manager, works manager, director and 
deputy managing director. 


The College of Acronautics 

THE Board of Governors of the College of 
Aeronautics, Cranfield, near Bletchley, has 
appointed Professor W. S. Hemp, M.A., 
A.F.R.Ae.8., to succeed Professor R. L. 
Lickley, M.I.Mech.E., F.R.Ae.S., as head of 
the department of aircraft design. The 
appointment will date from November Ist and 
Professor Hemp will retain his present title of 
professor of aircraft structures and aero- 
elasticity. Professor Hemp was a scholar of 
Jesus College, Cambridge, from 1934 to 1937, 
where he read mathematics. In 1938 he joined 
the staff of the Bristol Aeroplane Company, 
Ltd., and was engaged on design and research 
work, principally on structures, becoming 
subsequently chief of the project stress office 
during the early stages of the development of 
the ‘‘ Brabazon.”” Professor Hemp was 
appointed to the staff of the College of 
Aeronautics in September, 1946, as a senior 
lecturer in aircraft structures, and last year 
became professor of aircraft structures and 
aero-elasticity. He is the author of several 
research reports and a monograph on stressed 
skin construction, and is a member of the 
structure and oscillation sub-committees of the 
Aeronautical Research Council. 


Retirement of Mr. C. F. Cleaver 


Iv is announced that Mr. Charles F. Cleaver 
M.1.C.E., M.I.Mech.E., M.I.Loco.E., the 
manager of railcars of A.C.V. Sales, Ltd., has 
relinquished this office as he has reached retiring 
age. As a director of the company he will, 
however, continue to exercise general oversight 
and guidance of the company’s railcar negotia- 
tions for sale at home and overseas as well as 
service arrangements, new design and develop- 
ment work, &c. Mr. Cleaver was educated at 
Llandovery College, South Wales, and the 
Central Technical College at South Kensington, 
and after gaining technical experience with 
various firms joined the London General 
Omnibus Company, Ltd., in 1909, as leading 
draughtsman. With a short interval he 
remained with that company until 1914, when 
he joined the, armed Forces, which he left in 
1919 with the rank of Captain I.M.T. In 1921 
he formed the Four Wheel Drive Motor Com- 
pany, with Mr. H. Nyberg, and when this 
firm was absorbed by Associated Equipment, 
Ltd., he transferred with the business to 
Southall. It was during his time with the 
Four Wheel Drive Motor Company that Mr. 
Cleaver patented the single-spring, rear-suspen- 
sion bogie which was used extensively on the 
A.E.C. six-wheel W.D. chassis. He turned his 
attention to railcars and in 1934 designed the 
first A.E.C. car, thirty-eight of which were 
ordered by the former Great Western Railway. 
In the 1939-45 war he was responsible for design- 
ing W.D. vehicles, amongst which were the 
wellknown ‘‘ Matador ” medium class tractors. 
He also assisted the inventor in the develop- 
ment of the ‘ Flail” tank. Since the end of 
the last war, Mr. Cleaver has been actively 
engaged in railcar design and development, 
one of his particular interests having been 
equipment with an underfloor engine for con- 
verting standard coaches to railcars. 
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**D.58”’ Class Locomotives for New 
South Wales Railways 


By G. H. PAULIN 
No. Il—(Continued from page 490, October 19th) 


VALVE GEAR 


ERHAPS the most novel feature of the 

“D.58 ” locomotive is the valve gear. With 
the unit construction of cast steel frame it 
was not practicable to use a separate set of 
Walschaerts gear for operation of the valve 
for the centre cylinder. The new valve gear 
was developed with a view to reducing valve 
gear maintenance and ensuring continuance 
of precise valve events for the centre cylinder. 

Fig. 3 shows the general arrangement of 
the complete gear, and Fig. 4 a perspective 
yiew of the components working in associa- 
tion to provide motion for the centre valve. 
The two illustrations will indicate the deriva- 
tion of the drive. 

It will be seen that, to the forward end of 
the R.H. valve spindle is attached a rack 
which slides in appropriate guides. The 
reciprocation of this rack transmits motion, 
through the toothed quadrant, to the lay- 
shaft. This shaft passes across the engine 
toa point approximately midway between 
the centre and L.H. valve spindle centre 
lines, and is fitted at its L.H. end with a 
pinion. This pinion engages with an idler 
pinion mounted on a short shaft and meshing 
with the L.H. rack, so providing the reversal 
of rotation essential for the correct motion 
of the L.H. rack. 

The forward end of the L.H. valve spindle 
is attached, through the L.H. valve extension 
link, to the floating lever, which is mounted 
on @ fulcrum in the conjugating crosshead. 
The conjugating crosshead forms part of the 
LH. rack and moves with it: The inner 
end of the floating lever is attached, through 
the centre valve extension link and a small 
crosshead, to the forward end of the centre 
valve spindle. 

The combined motions of the two outer 
valves, through the medium of the floating 
lever and the idler pinion and rack, produce 
the necessary motion of the centre valve. 

The setting of this gear is simple, and 
involves merely the meshing of quadrant 






and pinion teeth in the appropriate teeth 
of the two racks. The various meshing teeth 
are marked clearly, and adjustment of the 
centre valve is provided for in substantial 
acking pieces fitted at the two ends of the 
-H. rack. It will be appreciated that any 


change in the thicknesses of these packing 
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ponents of the gear have been kept to a 
minimum consistent with adequate rigidity, 
and wear resistance. The gear quadrants 
and racks are of substantial proportions, the 
teeth being 34 D.P. with 20 deg. pressure 
angle, with a 6in pitch circle radius of 
quadrant. 

The parts are lubricated mechanically 
and totally enclosed. The writer was able 
to inspect a locomotive which had completed 
30,000 miles of operation, and although the 
valve gear is located directly under the front 
end of the smokebox, the whole of the 
parts were remarkably clean and free of 
the smoke-box ashes and other residue 
which so frequently is to be noticed. 





Fic. 5—-VALVE GEAR MECHANISM 


pieces will produce, in the centre valve, a 
displacement twice the value of the change 
in the packing pieces. The adjustment can, 
therefore, be fine, and the likelihoood of 
changes in adjustment during operation are 
extremely improbable. 

The moments of inertia of all the com- 
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FIG. 4—PERSPECTIVE VIEW OF VALVE COMPONENTS 








It was clear that the wear rate of the working 
parts was low. 

The two sets of Walschaert gear for the 
outside cylinders have been designed to 
deal with the extra duty involved in operating 
the centre valve. 
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An advantage of the new gear, of import- 
ance to shop and maintenance staffs, is that 
the whole of the parts, including cross-shaft, 
may be removed as a single assembly. This 
makes it possible to’set, adjust and maintain 
the mechanism on the bench as a bench 
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assembly. The first set of gear was tested 
and run on the bench for the equivalent of 
22,000 miles at 60 m.p.h. before it was 
mounted on the engine. During this test 
there was no sign of distress or wear. 

Fig. 5 shows the complete mechanism 
(cover plates removed) with the conjugated 
rack and floating lever connecting L.H. 
valve spindle to the spindle of the centre 
valve. The lubricating pipe system is seen 
clearly. In order to gain access to the centre 
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particularly vulnerable. In order to pro- 
tect these parts as much as practicable, some 
older and smaller engines (most of which 
are fitted with upper and lower guide bars) 
are provided with steel cover plates, enclos- 
ing entirely the crosshead, piston-rod and 
guide bars. A slot is provided in the back 
end cover of the casing, for clearance for the 
connecting-rod. 

In the design studies of the later, and 
considerably larger engines, much thought 
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FIG. 6—-CROSSHEAD ASSEMBLY 


piston and valve it is necessary to remove 
the valve operating mechanism. This, 
however, is.a relatively easy matter. ‘The 
whole of the assembly is mounted on a 
removable plate and can be lifted off with- 
out disturbing the adjustment in any way. 
The assembly is attached to and carried 
entirely by the three front valve chest covers. 
This was done’ to safeguard the valve gear 
against damage if the front end of the 
engine received a severe bump, which might 
cause an upward distortion of the forward 
end of the engine frame. The valve gear is 
controlled by Franklin Power Reverse gear, 


type F.2. 


CROSSHEAD, CONNECTING AND COUPLING- 
Rops 


In the dry areas of New South Wales, with 
thedusty conditions in which much of the loco- 
motive work is done, experience has shown 
that crosshead slippers and guide bars are 
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was given to the question of simplification 
of maintenance of those parts which are 
subject inevitably to a relatively high rate 
of wear. The crosshead and connecting- 
rod came in for much attention. 

Anyone who has had first-hand experience 
of the separating of a locomotive crosshead 
from the piston-rod knows how the job is 
invariably viewed with a very jaundiced 
eye. The designers of the ““D.58” must 
have been involved in this work at some 
time. They have developed a crosshead, 
the guide slippers of which can be changed 
easily, without disconnecting the crosshead 
from the piston-rod. 

Fig. 6 shows the assembly of the cross- 
head and how this has been achieved. The 
removal of six bolts enables the slipper to 
be drawn away from the crosshead and 
along the slide bars, to complete removal. 
This is an admirable piece of design and 
the resulting arrangement must have the 
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FIG. 7—COUPLING AND CONNECTING RODS 
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blessing of hard-pressed running-shed fit 

It will be noted that the design of the m7 
bar itself is also a great advance on carlig; 
arrangements. ‘Triple bearing surfaves arp 
provided for forward working and there jx 
nearly complete protection against th: entry 
of dust and sand. Only upward moving 
particles can gain access to the workj 
faces. An incidental virtue of this overa]j 
design is that, once the guide bar has beep 
lined out and bolted it can be left undis. 
turbed. There is no need to remove the 
bar in order to take away the crosshead or 
the slippers, as is the case with so many single. 
bar designs. Precise alignment is thy: 
preserved. There is no risk of the wro 
packing pieces being replaced in the wrong 
locations after a cross-head job—a thing 
not unknown in running sheds. 

The guide face portion of the crosshead 
is amenable to- standardised treatment jp 


' that faces can be remetalled and brought 


very easily back to the original dimensions 
and clearances. Mechanical lubrication of 
the slide bars has been provided on all 
engines. 

The rolling, about the longitudinal centre 
line, of large locomotives, imposes torsional 
stresses on connecting-rods and other parts. 
With all clearances at a minimum, as in a 
new engine, the conditions, although impos. 
sible to assess precisely, are likely to be 
difficult. With a view to easing these con. 
ditions and preventing high initial wear 
rates the small-end of the “ D.58” has 
been provided with a spherical bearing. 
Provision has been made for a 3-25 deg. 
roll each side of the true vertical. In Fig. 7, 
which shows the arrangement of the con- 
necting and coupling-rods can be seen the 
details of the small-end construction. 

The big-end of the connecting-rod is of 
unconventional design. The outside of the 
boss is machined concentric with the bore 
and both are chromium plated. A floating 
bush is provided in the bore and duplex 
coupling-rods are arranged between the driv- 
iag and intermediate wheels. The forward 
ends of these duplex-rods are fitted with 
rolled-in bushes, and are arranged to work 
on the outside diameter of the big-end boss. 
The rear ends of these rods are coupled, 
through the medium of a knuckle-pin and 
spherical sleeve, to the forward end of the 
single rod coupling the intermediate and 
trailing wheels. The rod between driving 
and leading wheels is a conventional single 
rod as indicated in Fig. 7. Oil lubrication is 
applied at all points except the knuckle- 
pin, where grease lubrication is used. 
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Grease lubrication is used throughout on 
the connecting and coupling-rods of the 
«D.57” class engines. It is a little early 
to make definite comparisons between the 

-lubricated rods of the ‘‘ D.57” and 
the oil lubricated and somewhat different 
type rods of the “ D.58,” but the service 
records of the latter are very encouraging. 

The application of tandem rods to the 
“D.58”’ class of locomotive has provided 
, straight line of thrust from the piston 
through the driving, intermediate and trail- 
ing crankpins. Experience has shown that a 
reduced tendency to wheel slip and uneven 
tyre wear has been observable with this 
rod arrangement. The bending moment on 
the intermediate and trailing crankpins is 

ter but, as bearing area, not stress, is 
the governing factor, this aspect is not 
important. 

The mileage between routine stoppages 
of “D.58” class engines for attention to 
valves, pistons and running gear is greater 
than that scheduled for the ‘‘ D.57” class. 
Experience to date indicates that the cross- 
head slippers and coupling-rod bushes give 
trouble-free service for up to 20,000 miles. 
No undue wear has been experienced on the 
two outside sets of Walschaerts gear. 
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The brake compressor is a standard cross 
compound made by Westinghouse Brake 
(A/sia.) Pty., Ltd, 


TENDER 


The tender is of the rectangular tank 
design, with underframe built up of plate and 
rolled steel sections. There are two four- 
wheeled bogies with cast steel frames, and 
plain journal bearings. 

The tank capacity is 9000 gallons, and there 
is space for 14 tons of coal. 

Engine and tender are fitted with the 
N.S.W. Railways standard arrangement of 
electric lighting. 

Nine “ D.58” engines are at present in 
regular service, and a total of twenty-five 
is to be built—Nos. 5801-5825. 

The “D.58” locomotive was designed 
under the direction of Mr. Harold Young 
when he was Chief Mechanical Engineer, 
and the writer is much indebted to him for 
his courtesy and the facilities provided for 
obtaining data and examining engines. 

In the preparation of this article the 
writer has received much assistance from 
Mr. W. H. Armstrong, Chief Mechanical 
Engineer, which is gratefully acknowledged. 


The Modern Approach to Electrical 


Machine 


Analysis 


By W. J. GIBBS, D.Sc., M.LE.E. 
No. I11—(Continued from page 488, October 19th) 


Subtransient Period.—The  subtransient 
period is controlled by the constants of the 
damper circuits. During the subtransient 
period the machine is supposed to behave in 
a similar manner es during the transient 
period, but with different inductances giving 
a shorter time constant. Therefore the 
operational impedance matrix of the machine 
during the subtransient period is assumed to 
be of the form 





Lq”6 


fqtla”p 


—L4"0 

















+ 89) 


where L,” and L,” are additional fictitious 
inductances called subtransient inductances. 

The true subtransient characteristics are 
obtained from the matrix (30) and, since 
the demper windings are short circuited and 
the field winding is considered to be short 
circuited, the matrix can be reduced by 
stages to one of two rows and columns. But 
to obtain a final matrix of the form of (39) it 
is necessary again to neglect certain resist- 
ances when they appear in the denominator. 

First eliminate row and column f by the 
rule given. The result is 
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where, by neglecting the field winding 
résistance as before, 
Laa* 
Lya’ = L gp —->— 
kd ED a P 
ad 
Lea’ =Lea—=— 
ad’ = Lea FT 


and L,' is as defined in equation (33). 


The elimination of row and column kd next 
gives : 
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where, by neglecting rzq, 
cai > a 
La’ =Ld— je 
Finally, the elimination of row and column 
kq gives 
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(40) 
where 1, has been neglected, and 


The matrix (40) is exactly the form of 
matrix required. The corresponding sub- 
transient reactances can be obtained by 
writing x for L, x’ for L’, and 2” for L’, 
wherever they appear. The purpose of 
introducing the transient and subtransient 
reactances is not so much to simplify the 
solution of the equations as to provide values 
that can be used in system analyses. 

Steady State Currents.—In steady state 
system analyses direct and quadrature axis 
currents are used that differ from i, and i, in 
interpretation. Equation (28) shows that 
pig and pi, are both zero, and therefore 
under steady state conditions iz and i, are 
direct currents. 

The magnetomotive force set up by the 
polyphase currents is stationary with respect 
to the field system, and its axis is in general 
at an angle (5-+-¢+90 deg.) from the direct 
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axis. The magnetomotive force can be 
resolved into two components, one acting in 
the direct axis and the other acting in the 
quadrature axis. Similarly, the polyphase 
currents can be resolved into two time com- 
ponents such that one component produces 
the direct axis magnetomotive force and the 
other the quadrature axis magnetomotive 
force. 

Since the phase currents are assumed to be 
balanced, it is only necessary to consider one 
of them. Let the time components of any 
one phase current be 

im +jin, 
where 7,, and i, have, in general, different 
amplitudes. Let the amplitude of the com- 
ponent 1,, be J4, and that of i, be J,. Then, 
since the amplitude of the phase current is 
I, Ig and I, are the components of I,, given 
b 

. Ia= —Inm sin (8+¢) 
Ig=Im cos (8+¢) 

and, therefore, from equations (26) and (27), 

ta=Ta 

ig=Iq. 

These are numerical equalities, but there 
is a significant difference in physical 
definition. While iz and i, are direct 
currents, Iz and I, are the amplitudes of time 
components of alternating currents. The 
relationship only holds for steady state con- 
ditions. J, and J, are inherently steady 
state quantities, whereas ig and % are 
applicable to any condition of operation. 

Note that in this analysis J represents the 
maximum value of a sinusoidal current and 
not the r.m.s. value. 


TORQUE EQUATIONS 


Matrix Notation.—It is desirable at this 
stage to introduce for brevity a notation for 
the matrices. Reverting to the matrix 
equation (20), the column array on the left- 
hand side can be represented by the symbel e 
and the column array on the right-hand side 
by the symbol ¢. Similarly, the single letter 
Z can be used to represent the impedance 
mitrix. In this notation, small letters are 
used to represent single-row or single-column 
matrices, while capital letters are used to 
represent arrays with more than one row and 
column. 

Using this notation, equation (20) can be 
expressed thus : 

e=Z.i (42) 
where each letter stands for a box of quan- 
tities and not just one quantity. There is no 
likelihood of confusion if it is understood that 
letters without suffixes represent matrices, 
while letters with suffixes represent single 
quantities. 

Equation (42) must not be read as an 
ordinary equation. The dot between Z and 1 
indicates the convention previously adopted. 
Therefore the equality sign connecting the 


“rTa1° 
first and last of these arrays must be read to 
mean that the contents of corresponding 
compartments in the two matrices are equal. 
In other words, two matrices can only be 
said to be equal when corresponding elements 
in the matrices are equal. 

In the theory of matrices the interpretation 
given above to Z.i is called matrix multiplica- 
tion. This is a very convenient term for the 
process used, but it is necessary to emphasise 
that it is not multiplication as normally 
understood. Nevertheless, the term will be 
used throughout the rest of this aralysis. 

Matrix, Multiplication.—So far, the matrix 








ax + by 
ox + dy 
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multiplication used has been confined to 
multiplication by a single column matrix. 
The definition can be extended to multiplica- 
tion by matrices with several columns. A 
necessary condition is that the number of 
rows in the second matrix of the product 
must be equal to the number of columns in 
the first matrix of the product. 
Consider such a product as 





aio wily 
eld x|z 























wae 43) 





This is interpreted as a combination of 


ajo), = 
d 

ayo] [y)_ 
eld oa 


so that the meaning of the expression (43) is 








aw + bx 
cw + dx 




















ay +bz 
cy +dz 
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cy +dz 


aw + bx 
cw + dx 
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The meaning given to this manipulation of 
the matrices is the definition of matrix 
multiplication, and it can be extended to 
matrices with any number of rows or of 
columns. It is important to notice that this 
rule of multiplication when applied to (43) 
gives a different result when applied to 





wiy| jab 
x|z cid 


























where the order of the matrices has been 
reversed. But the result is not so different if, 
when the order of the matrices is reversed, 
each matrix has its rows changed to columns 
and vice versa. For example, compare the 
evaluation of (43) with that of 


wix aic 
" Y}Z) [b\¢). 745) 





























Each matrix in (45) is the transpose of the 
corresponding matrix in (43). The result is 
the transpose of (44). The transpose of a 
matrix can be denoted by priming the 
symbol. Then, if A and B are matrices, 

A.B+B.A 
but 
A.B =(B’.A’! 

Torque Equation—In addition to the 
voltage equations, a torque equation is often 
required. Torque is developed only in rotor 
windings; that is, windings that are in 
motion with respect to the field. The torque 
produced by any rotor winding is the pro- 
duct of its rotational voltages and its current, 
divided by the angular speed of rotation. 
For example, the torque developed by the 
direct axis armature winding is 
Rotational voltages x ig 

5 i 

The rotational voltages are read directly 
from the operational impedance matrix. 
For example, in the matrix (30) the rotational 
voltages in the d winding are read from the 
row d, thus : 





Torqueg= Ta= 


LaqSitg + Lbig. 
Therefore the torque developed by winding 
d is given by the equation 
Ta=Lagirgia+ Lyigia- 
Hence the rule for writing out the torque 
equation from the operational impedance 
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matrix is: take each coefficient of 6 in the 
impedance matrix, multiply it by the current 
corresponding to the column and then by the 
current corresponding to the row in which the 
coefficient lies, add the terms obtained. 
Reverting to the impedance matrix (30), 
the total torque developed by the salient-pole 
synchronous machine with five windings is 
found by this rule to be given by 
T = Lagitgia+ Leigia—Laats ig 
— Ladizdig—Lataig (46) 
Torque Matrix.—The equation of torque 
(46) can also be put into matrix form by 
segregating the various quantities into appro- 
priate boxes thus : 





[7 }=[ic[ ine [iw [ia [ie] - 


~Lad|—L ad 





lag 


This particular association of matrices has 
to be interpreted in such a way as to mean 
equation (46). In terms of what has been 
defined as matrix multiplication, there are 
two methods, namely :— 

(a) The matrix multiplication of the first 
pair on the right-hand side, followed by the 
matrix multiplication of the result by the 
third matrix; and 

(6) The matrix multiplication of the last 
pair followed by the matrix multiplication of 
the first matrix by the result. 

These alternative interpretations give 
exactly the same result. Therefore a triple 
product of matrices is evaluated in two 
stages. If A, B, C are the matrices, 


A.B.C=(A.B).C or A.(B.C). 


Apply this rule to the right-hand side of 
equation (47), taking the last two matrices 
first. 











[F)-rTnfulele]- 





. Lagthg + Laig 
~Ladif ~Ladipg —Laig 

















=| Lagingia *Loigig ~Laditig - Ladtuaig — Laiaig | 





This result is equation (46), as expected. 

The centre matrix in equation (47) con- 
sists of the coefficients of 6 in the operational 
impedance matrix of the machine. It is 
called the torque matrix and is denoted by G. 
Hence the torque equation can be written 


T=i.G.i (48) 


Strictly speaking, one + matrix is the trans- 
pose of the other, but with a single row or 
column no confusion can arise and there is 
no need to indicate the transpose of such 
matrices. 

Steady State Torque—Under steady state 
conditions, equation (46) becomes simpler. 
The damper currents are then zero, and in the 
per unit system the inductances can be 
replaced by their corresponding reactances. 
The result is the steady state equation of 
torque 

T' = (xq—Xa)igia—Xadig tg « (49) 

In this equation the first term on the right- 
hand side is due entirely to the saliency of 
the poles. For if the stator were regular at 
the air-gap, x, and xz, would be equal, and 
the term would become zero. This part of 
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the total torque is called the reluctang 
torque. In the per unit system the rely, 
tance torque is half the value given hy (49) 
because in that system P=H(egigte,'), 
Components of the Impedance M «trix 
The coefficients of p in the impedance matrix 
give the transformer voltage terms, aiid they 
can be segregated into a matrix denoted by 
L; similarly, the resistances can be 
gated into a matrix denoted by R. The fact 
that Z is the sum of three component 
matrices is expressed by 
; Z=R+Lp+G@e . (50) 
Triple Matrix Products—In the triple 
product of equation (47) the first and lag 
matrices are alike, ex. 
ry cept that naturally , 
single-column matrix 
has to be written ag q 
row matrix when it is 
placed as the first term 
ina product. However, 
— if the first and last 
[ta | (47) matrices are not alike, 
(a8 they can be inter. 
changed provided the centre matrix is trans. 
posed first. For instance, 


ajo 
[pla] ry . 
=[P]9]- ax+b 


cx + dy 
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=(pax + pby +gcx+qdy) 757) 
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=|pax + gex + pby + qdy} 52) 


(51) and (52) are identical results. 
general terms, 











Th 


a.G.b=b.@’.a (53) 


SMALL OSCILLATIONS* 


Variations of Torque.-—When either hut- 
ing or acceleration problems arise in elec. 
trical machines, the mechanical variables and 
constants are equally as important as the 
electrical variables and constants, and the 
machine—or group of machines—concerned 
has to be treated as a single electrodyna- 
mical system. 

The equations of small oscillations of a 
single machine wiil now be considered, and 
will be related in particular to the salient- 
pole synchronous machine. Therefore there 
are only two mechanical variables, namely, 
the torque and the speed, and only one mech- 
anical constant, namely, the inertia constant 
of the rotor. The mechanical dissipative 
forces such as bearing friction can be 
neglected. 

The matrix equation of torque when the 

of the rotor is considered constant is 
equation (48). In that equation, 7’ is the 
torque developed by the machine when 
voltages are applied. But in considering 
small oscillations, it is necessary to assume 
that torque is applied to the shaft, thereby 
introducing a negative sign. Thus, at con- 


stant speed, 
—T »f=—i.G.i for constant speed, 
where f is now the applied torque and not 


the torque developed. 
The angular acceleration is proportional to 





* This part and any later discussion 


on small oscilla- 
tions may be deferred for a second ing. 
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the appied torque, and therefore the equation 
of motion that includes both electrical and 
mechanical effects is : 
f=l.db/dt—t-G.i 
=I.p—i.Gi . (54) 

where p?@ stands for d*@/dt*, and I is the 
inertia constant of the. rotor. The term 
i@.i contains what are called the synchronis- 

and the damping torques, as well as 
steady torque. 

Suppose there is a small disturbance in the 
applied torque so that f becomes f+4f. Then 
the currents and the speed also change by a 
gall amount, becoming i+4i and 6+/6. 
The equation of smal]l changes is found by 
taking the variation of both sides of equation 
(64). When higher orders of small differ- 
ences, a8, for instance, (4i)*, are neglected, 
this operation is analogous to differentiation 
nd 
" Af=I.p*h0—Ai.@.i—i.G.Ai. 

Now, 4i is not the finite difference of a 
single quantity, but the finite difference of a 
box of quantities. What it means, however, 
is the finite difference of each element in the 
box. The differentiation of a matrix, for 
instance, simply means the differentiation 
individually of each element of the matrix. 

Regarding p and 4 as operators, they are 
interchangeable for position ; in other words, 

Ap§=pA0 
and therefore p46 can be written p*4@. 

From equation (53), 4i1.G.i=i.@’.4i, and 

therefore 
Af=I.p*A0—i(G+@)Ai . (55) 

Variations of Voltages.—Changes in the 
applied voltages cause similar disturbances 
to speed and currents. The matrix equation 
of voltage is equation (42) : 

e=Zi 
expanded by equation (50) to 
e=(R+Lp)i+@0.i. 
Taking the variation’ gives 
Ae=(R+Ip).Ai+G@6.Ai+ G.i.A6 
=Z.Mi+Giphd. .. . . (86) 

Equations (55) and (56) can be combined 

into the one matrix equation : 


‘Ae | Z G.ip 
a6! sr) 


-1.(G+6")| Ip? 
where the elements of this matrix are them- 
selves matrices. 

Motional Impedance Matrix.—The centre 
matrix of equation (57) is called the motional 
impedance matrix of the machine. Once it 
is obtained, the equations of small changes 
can be written out at once. The following 
routine method can be adopted for setting 
out this matrix after the operational im- 
pedance matrix has been found. 

First write down the operational impedance 
matrix in full. Then select the terms with 6 
and write down the torque matrix G. Per- 
form the matrix multiplication G.i and multi- 
ply each element in the result by p. This 
gives a column matrix, and it is placed on the 
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right-hand side of the impedance matrix 
forming an extra column. 

Then perform the matrix product 
—i.(G+G’) from the matrix (@+@’), which 
is the addition of G to its transpose. The 
result is a row matrix, and it is placed at the 
bottom of the impedance matrix forming an 
extra row. Finally, simply write Ip* into 
the new compartment of the main diagonal 
and the motional impedance matrix is 
complete. 

Salient-Pole Machine —The method is best 
explained by a simple practical example, and 
therefore it will now be applied to the salient- 
pole polyphase synchronous machine with 
five windings as dealt with earlier. The 
operational impedance matrix is (30) and the 
torque matrix extracted from it is the centre 
matrix on the right-hand side of equation 
(47). Therefore 
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Now add to @ its transpose, thus : 
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and therefore, first writing i as a row matrix, 


-i. (G+) = 
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mined by equation (29). The variables are 
Mi and 40. If the transient or the sub- 
transient effects only of the disturbance are 
required, the operational impedance matrix 
can first be reduced by the method described 
on page 487. The motional impedance matrix 
is then very much simpler. If the machine 
is running at synchronous speed when the 
disturbance occurs, i,4 and i,, are both zero 
and many terms drop out. 

Steady State Oscillations —When the dis- 
turbance is oscillatory the equations can be 
modified for steady state hunting. Let 

__ oscillation frequency 
"supply frequency ~ 





Then 
Ai=A sin (hat+y), 
where A is the amplitude of the oscillation of 
current, and is a constant provided ¢ itself is 
not a function of time. It has already been 
shown that the steady state currents are 
direct currents in the synchronous machine, 
and therefore in this machine 7 is not a 
function of time. Therefore 
pAi=hwA cos (het +y) 

=jhwA sin (hot+y¥) 

=jhwAi. 

Therefore for steady state hunting p in the 
matrix is replaced by jhw. But 6 is replaced 
by w because it is the steady state pre- 
oscillation speed. In the per unit system, 
p is replaced by jh, 6 by unity and all induct- 
ances by their corresponding reactances. 

The resulting matrix (61) is at the foot of 
this page. 

Here again i,, and tio terms drop out. 

Synchronous Motor—When the machine 
operates as a motor—that is, with voltages 
applied to the armature windings—although 
the applied voltages do not change, the trans- 
formation produces 4 change in the applied 
voltage term when the applied torque 
changes. Considering the machine con- 
nected to an infinite bus, there is a load angle 
between the machine and the bus denoted 
by 8. Therefore the applied voltages are : 


e=|es| | esind |e cosd) (62) 


When the speed changes by the amount 46, 
there is a small change 
48, and the apparent 
voltage change is found 
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by taking the varia- 





Now write down the operational impedance 
matrix and add one extra row and column. 
The extra row is row (59), leaving the main 
diagonal compartment empty, and the extra 
column is column (58), leaving again the 
main diagonal compartment empty. Into the 
main diagonal compartment is written Ip. 
Thus, the motional impedance matrix of the 
salient-pole synchronous machine with five 
windings is as shown in matrix (60) below. 

The currents appearing in this matrix are 
not the variables. They are the steady state 
currents existing before the disturbance ; 
they are either known or they can be deter- 


tion of equation (62), 
thus : 





4e =| | ecosé46 |e sind 43] 





Since the infinite bus does not take part in 
the disturbance, 48=40, and hence the 
coefficients of 45 written as a column matrix 
are subtracted from the last column of (61). 
The last two elements in the last column of 
(61) change to 
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Damping and Synchronising Torque Co- 
efficients —The steady state motional im- 
pedance matrix can be reduced by the method 
described earlier to a matrix consisting 
of one row and column, that is, to a single 
compartment. A complicated reduction like 
this should only be attempted with the actual 
figures inserted. Even then the reduction 
really needs to be done in one step by the aid 
of a computing machine. 

When the first five rows and columns have 
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been duly eliminated, the term containing / 
is deleted, a single equation is left that relates 
Af to 40 by a complex number. Therefore 
the equation can be written 
Af=(Tg+shT p)A0 

and the quantity denoted by 7’, is called the 
synchronising torque coefficient, while the 
quantity denoted by 7’, is called the damping 
torque coefficient. The quantity 7's is pro- 


portional to the displacement @, and 7’, to 
the speed 6. 


(To be continued) 


The Thirty-Sixth International Motor Show 


No. I 


THE International Motor Show, which 

opened, as recorded in last week’s issue, 
on Wednesday, October 17th, is again attract- 
ing a great number of buyers from abroad 
and a vast crowd of interested visitors. Not 
less than seventy eight different makes of 
cars are on view at Earls Court, and among 
them are some of the latest models from the 
United States, from France, Italy and, for 
the first time after the war, one exhibit from 
Germany. The imposing list of exhibitors 
makes it clear that the London Show will 
always maintain its position as one of the 
leading international automobile exhibitions. 

The present position of the British motor 
industry, which, for the last three or 
four years, has been working under par- 
ticularly favourable conditions (dollar short- 
age, lack of competition from the Continent, 
devaluation of the pound, &c.), is not a very 
easy one. A severe shortage of shipping 
facilities, mainly to Australia and New 
Zealand has greatly affected the industry’s 
ability to deliver its goods. Exports to two 
important overseas markets, the United 
States and Canada, have fallen sharply in 
the past three months, while the steel short- 
age is now beginning to have an increasing 
effect on production: The export of cars to 
Switzerland, Belgium and Holland has been 
badly shit by competition from other Con- 
tinental countries, notably from Germany, 
and import restrictions are affecting sales 
elsewhere on the Continent. 

In the fist eight months of 1951 Great 
Britain exported more than 240,000 cars 
to the value of £75 million, compared with 
the same period of 1950, when about 270,000 
cars, worth £78 million, were shipped over 
seas. These figures, though showing an 
overall drop in our exports, are no indication, 
however, that saturation point is ing 
approached in world markets. ‘hey are 
mainly due to temporary conditions of either 
a political or economic nature, and have 
nothing to do with the popularity and reputa- 
tion of British products. 

Many of the thousands of visitors who 
have been flocking to Earls Court will 
probably be wondering if 1952 is likely to 
produce any speed-up in the delivery of new 
cars to the home market. Unfortunately, 
there seems to be no prospe¢t that the 
demands of customers at home will be 
satisfied in the near future. Though order 
books still register almost a million genuine 
demands, the allocation for the home market 
has been cut from 110,000 to 80,000 in 1952, 
and all this at a time when new vehicles, 
earmarked for export, are queueing up at 
the docks because of lack of shipping space. 
Notwithstanding the fact that there are 
on British roads nearly a million obsolete 
cars which ought to be replaced by new 
vehicles at the earliest possible moment, the 


Government is unwilling to release more 
steel because of the rising need of the defence 
programme. 

Under these circumstances the majority 
of visitors to Earls Court will see not so 
much a motor exhibition as an international 
trade fair. Considering further that not 
many British manufacturers and hardly any 
foreign firms are going to the trouble now- 
adays of exhibiting models, revealing the 
mechanical features of their products, the 
Motor Show is bound to be somewhat dull 
for the technically minded visitor. Another 
point is that manufacturers nowadays change 
their models drastically only when circum- 
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Seven,” which returns to the London Moto, 
Show after an absence of fourteen years, 

An entirely new 3-litre saloon car ; 
shown at the stand of the Daimler Company 
Ltd. The new car, to be known as th, 
“ Regency,” is a full six-seater with a 90 hyp. 
engine ; it is designed to replace the presen; 
2}-litre model D.B.18, and substantia] pro. 
duction is planned for left-hand anc right. 
hand drive models in a new factory having 
350,000 square feet of floor space. 

The styling of the car (Fig. 1) bleng 
swift modern lines with a curved windscreen, 
fuired wings and headlamps, while the classi, 
fluted radiator grille, though curved, h..s beep 
retained. No particularly novel engi: ering 
features are being claimed for the ‘‘ Reg ney,” 
but the main accent throughout is that of 
mechanical refinement; in every detail 
there is a quality of workmanship which ha 
always bestowed upon Daimler cars thei 
well-known standard of smooth, untroubled 
performance and lasting quality. 

The chassis is well designed with a robust 
cruciform box type frame and wide whee 
track (56in at the front and 57in at. the rear) 
providing sound basic stability. The front. 
wheel suspension, developed by Daimle 
from Girling patents, embodies wishbones 
of uneven length and open coil springs, the 
lower wishbone being hinged to a longi. 
tudinal radius arm on each side. The tele 
scopic dampers are housed down the centre 
of the coil springs, and a torsion bar serves 
as an anti-roll stabiliser. Half-elliptic leaf 
springs, again with telescopic dampers, form 
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stances dictate such a change, and confine 
themselves in the meantime to improve 
acknowledged good designs in the light of 
suggestions and criticism received from users 
all over the world. The expenditure of 
developing and producing a new car is so 
great that manufacturers have to work on 
the assumption that the new model will have 
to be made for a long period without requiring 
any major modifications. 

In the main, the greater part of the British 
models at the Show this year differ only in 
detail from those seen last year, though 
many have undergone that steady process 
of refinement and improvement which con- 
tinues almost unnoticed as long as one par- 
ticular type is being produced. Lack of 
space prevents us from mentioning these 
minor alterations, frequently consisting of 
nothing but modifications in the arrangement 
of instruments, lamps, bumpers, radiator 
grilles, &c. There are, however, some 
entirely new models on show which are 
worth studying in detail, and which are to 
be more fully described below. They com- 
prise the latest Daimler ‘‘ Regency,” the 
new Vauxhall models “Velox” and 
“‘ Wyvern,” and the rejuvenated “ Austin 


the rear suspension. Girling brakes, with 
mechanical operation on the rear wheels 
and hydraulic operation on the front, are 
fitted; the brake shoes act on unusually 
large (12in diameter) brake drums, which 
provide a large frictional area and an ample 
cooling surface. : 

The transmission system follows recog- 
nised Daimler practice, employing a fluid 
flywheel and a preselective, four-speed, 
epicyclic gearbox ; the preselective lever is 
located on the steering column under the 
adjustable steering wheel. The torque is 
transmitted from the gearbox to the hypoid 
rear axle through an open Hardy Spicer pro- 
peller shaft with needle-bearing universal 
joints. 

An interesting and particularly well- 
designed item of the “‘ Regency ” is the new 
3-litre, six-cylinder engine of 3in bore and 
4}hin stroke, which develops 90 b.h.p. at 4100 
r.p.m. The valves, operated by push rods, 
are situated in a sloping lozenge-shaped 
combustion room and allow clean-running 
ports with ample water space round the 
valve seats. In spite of the comparatively 
high compression ratio of 6-7 to 1, the 
combustion is remarkably smooth and the 
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general performance consistently good even 
when poor-grade fuel is being used. Twin 
norizontal §.U. carburettors are employed 
to provide even distribution.of the charge to 
all cylinders. In accordance with modern 
practice, the distributor is fitted with 
vacuum control for part-throttle operation 
in addition to the automatic centrifugal 


advance. The engine is fitted with dry 
cylinder liners, wear-resisting valve-seat 
inserts for the exhaust valves, thermo- 


statically controlled water circulation, and a 
fyll-flow oil filter with safety by-pass. 

Two more characteristics of the 
“Regency ” are worth mentioning, both of 
them of undisputed value especially for the 
owner-driver. One is a reserve petrol control 
on the instrument panel which releases 1} 
gallons when the normal supply runs out ; 
and the other is an automatic chassis lubrica- 
tion system which eliminates much of the 
gease-gun drudgery usually necessary to 
keep a car in fully lubricated condition. 

This system operates by means of a small 
expansion chamber mounted close to the 
exhaust manifold. The expansion chamber 
is fitted with valves which allow the lubricant 
to be drawn. from a reservoir and to be forced 
through a system of pipes leading to the 
spring shackle pins and to all points of the 
steering linkage. Fig. 2 shows the automatic 





FIG. 2—AUTOMATIC SPRING SHACKLE 
LUBRICATION—DAIMLER 


lubrication of the spring shackles of the rear 
suspension, and Fig. 3 shows the lubrication 
of the king pin and of the steering linkage 
at the front. 

It is claimed that the top speed of the 
“Regeney ” is 10 per cent higher and its 
acceleration 15 per cent better than that of 
the 2}-litre model D.B.18. 

The car should sell well at home as well as 
in overseas markets, and it will be par- 
ticularly appreciated by drivers who prefer 


the preselective gear change to fully auto- — 


matic transmissions. 

At the stand of Vauxhall Motors, Ltd., 
Luton, considerable interest is being paid to the 
presentation of its new models, which were 
actually announced some weeks ago, but have 
not yet become familiar on “British roads. 
Vauxhall was one of the few British firms 
which for various reasons had refrained 
from drastically changing its models at 
the first post-war Motor Show in 1948. 
Apart from slight alterations in the body 
styling and from the adaptation of the steer- 
ing column gear control, the ‘“‘ Wyvern ” and 
the “ Velox’? were very similar in their 
broad specification to the models introduced 
between 1937 and 1939, cars which at that 
time were well ahead in engineering features 
of most contemporary British cars. The 
new 1952 models carry on the Vauxhall 
policy of providing a single body design 
with alternative engine sizes, and the most 
notable features are their roominess and 
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the incorporation of a new front-wheel 
suspension system. The names of “ Wyvern ” 
and “ Velox” are continued for the four 
and the six-cylinder versions of this car, and 
the power units remain practically identical 
with those already established. 

In their appearance the new Vauxhalls 
provide a pleasing interpretation of the 
eurrent full-width body trend (Fig. 4). The 
body carries on the line of the front wings, 
but the side view is relieved by a well-placed 
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change of contour. extending through the 
doors to the rear wing. The door hinges are 
concealed, the windscreen and the rear 
window are curved to fit the body, and all 
doors are hinged at the forward edge. The 
luggage boot in the outswept tail provides 
a considerably greater space than that of 
the present models with a completely flat 
floor. The lid is automatically retained in 
its open position when raised. The spare 
wheel is carried on a rigid cradle beneath 
the floor of the luggage boot and can be 
drawn out from underneath the rear bumper 
after releasing a control nut in the boot. 

The greatly increased roominess of the 
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torsional stiffness and is designed to resist 
severe stressing without distortion. Contrary 
to the previous models in which the engine 
and the front suspension were located on a 
triangulated structure bolted to the scuttle, 
the main presswork of the present designs 
sweeps down to the nose of the car, thus 


providing greatly increased rigidity. The 
front wings are built as a unit with the 
front panel and the radiator grille, ensuring 
a good fit for the bonnet top and eliminating 
potential sources of squeaks and rattles. 
The fresh air duct for the interior ventilating 
and heating system is an integral part of 
the unit. A new method has been developed 
to protect the vulnerable lower parts of the 
bodies where corrosion first appears. For 
this purpose all bodies are dipped in a slipper 
bath of paint primer to the depth of 12in, and 
twenty-two holes. are specially drilled to 
allow the paint to reach every part of the 
lower body. The fact that the extra size 
and the increased rigidity have been achieved 
without a great increase of weight—the 
difference in weight between the new cars 
and the previous models is less than 1 cwt— 
reflects favourably on the ingenuity of the 
designers. 

The most important change in the new 
Vauxhall models, however, concerns the front- 
wheel suspension. Since 1937 this company 
has been using the Dubonnet “ knee-action ”’ 
system, which, introduced by the General 
Motors Company, nearly twenty years ago, 
was for some time fitted to Chevrolet and 
Opel cars, but was eventually abandoned 
shortly before the beginning of the last war. 
In its modified version, with torsion bars 
instead of coil springs, it proved a simple 
and moderately effective system and 
allowed the use of a simple steering linkage 
which required very little maintenance, though 
the unavoidable torsional deflection of the 
radius arm did affect the correct steering 
geometry to a certain extent. The present 
front suspension follows the almost standard 
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body has been achieved by increasing the 
wheelbase by 5}in to 103in, and by widening 
the track by 3in at the front and by 4}in 
at the rear. The flush-sided body gives much 
greater width to both front and rear seats, 
and the engine is mounted further forward, 
allowing the rear seat to be placed forward 
of the wheel arches, thus providing a very 
generous leg room. ‘ 

The design of the integral body (Fig. 5) 
is particularly interesting and represents a 
marked advance in sheet metal engineering. 
Produced by a new technique of automatic 
spot welding it has a greatly increased 
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pattern of wishbones of uneven length in 
connection with open coil springs and tele- 
scopic double-acting dampers, centrally 
mounted inside the coil springs (Fig. 6). 
The suspension arms and the front cross 
member to which they are pivoted are formed 
from steel pressings of great rigidity, and the 
complete assembly is bolted with rubber 
insulation to the underside of the front 
extension. A stabiliser bar is mounted across 
the car, in front of the suspension unit, and 
is connected at each end to the lower wish- 
bone arms by rubber-insulated attachments. 
A ball joint is used at the top end of the 
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steering knuckle, and all bushes and joints 
are protected by oil-resisting rubber seals. 
The double-acting dampers are carefully 
calibrated to match the springing charac- 
teristics ; they are sealed during assembly 
and require no topping-up during normal 
working life. 

The rear suspension is also new. The 
semi-elliptic underslung rear springs are 
48in long and have only three leaves, 2}in 
wide. They are lubricated during assembly 
and partly protected by gaiters with rubber 
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speed gearbox will provide the acceleration 
and flexibility which is essential nowadays, 
especially in urban traffic. 

On the one hand, the Vauxhall policy of 
building one very roomy and comfortable 
body style to accommodate optionally, 
either a four-cylinder or a six-cylinder engine 
is a very effective way of keeping the cost of 
production low ; on the other hand, it either 
compels the designers to compromise between 
two different classes of cars, which, incident- 
ally, cater for two rather different classes of 


FIG. 5—VAUXHALL BoDY CONSTRUCTION 


seals so that no further lubrication is neces- 
sary. Spring eyes and shackles are fitted 
with rubber bushes. The rear axle is rubber 
mounted at a point forward of the spring 
centres to improve stability when braking 
hard, and rubber-insulated pads are fitted 
between the axle and the springs and 
between the springs and the clamp plates. 
Telescopic dampers also are used for the 
rear suspension; they are mounted with a 
slight inclination towards the longitudinal 
centre line of the car in order to offer positive 
resistance to side sway and freedom from 
roll. 

On beth “ Velox ” and ‘“ Wyvern ” models 
the engines are identical to those used in the 
previous series of cars, though changes have 
been made to the design of the manifolding 
and to the sump. The four-cylinder 
“Wyvern” engine. has a more efficient 
air silencer and improved shear type rubber 
mountings. A new aluminium gearbox 
casing saves weight, and the gear change 
linkage has been improved. The rear axle 
has been strengthened, and the hypoid 
pinion as well as the differential assembly 
are now carried in taper roller bearings. The 
axle shafts are induction-hardened. 

Concluding, it can be said that the new 
Vauxhall models seem well designed 
modern cars, representing good value 
for money. This applies in particular 
to the 2}-litre “ Velox,” which sells for the 
basic price of £515. Well proportioned and 
with the sound power-to-weight ratio of 
52 h.p. per ton, it should satisfy all reasonable 
demands for economy, flexibility and speed, 
and will certainly find ready and secure 
markets all over the world. There might 
be some doubt, however, about the possible 
appeal to overseas customers of the 
“Wyvern,” the power-to-weight ratio of 
which (about 33 h.p. per ton) is well below 
that of the Continental standard for 1 -5-litre 
cars of 40-45 h.p. per ton. Though the 
“ Wyvern,” with a kerb weight of 202 cwt 
which, for a car of its size, is by no means 
heavy, it seems doubtful, nevertheless, 
whether the 35 h.p. engine and the three- 


user, or to emphasise one type to the dis- 
advantage of the other. In this particular 
case, Vauxhall has evidently taken the 
second course in marketing a very acceptable 
roomy five-seater with an adequately powered 


six-cylinder engine, which, at option, can also. 


be fitted with a four-cylinder engine for such 
customers who are prepared to contend with 
a certain loss of top speed flexibility for the 
sake of greatly increased roominess and riding 
comfort. 

At the stand of the Austin Motor Company 
the reborn Austin 
“Seven ” is, of course, , 
the centre of attraction. 

It is about twenty- 
seven years since the 
late Lord Austin intro- 
duced the original 
“Seven,” with its 
promise of cheaper 
motoring for the mas- 
ses. A year before the 
beginning of the last 
war the car, which had 
grown over the years 
from a small, flimsy 
tourer to a compact 
four- seater saloon, 
went out of production, 
giving place to the 
* Austin Eight.” This 
model, in turn disap- 
peared when, after the 
war, the “A407, became 
model of the firm’s range. 

In appearance the new “ Seven ” bears no 
relation to the old one, but just as the 
original ‘‘ Seven” represented a miniature 
replica of the contemporary large car of 
1924, so the present “Seven” is, in its 
general conception, a typical specimen of 
the modern standard car, suitably reduced to 
scale, and appears, in fact, to be a smaller 
replica of the Austin “ A 40.” 

It seems surprising that the general lay-out 
of the new model should differ so funda- 
mentally from the numerous small Con- 
tinental cars, developed after the war, all 


the smallest 
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of which are characterised by more or Jeg 
unorthodox features such as front-wheel driye 
rear-engine mounting, independent suspen. 
sion of all wheels, air-cooled or two-stroke 
engines, &c. It must be taken for gvanted 
however, that the Austin Motor Company 
has studied the pros and cons of the varions 
Continental designs very thoroughly. The 
decision to maintain the conventional 
lay-out—a front-mounted power unit, (rivj 
the live rear axle via a standard pri pelle 
shaft—is apparently the optimum «: /ution 
for carrying four passengers and their |i ggag. 
within minimum dimensions, and for sachiey. 
ing this purpose with a minimum of \ eight. 
cost and mechanical complications. 

The new car has the shape and the 
character of the bigger cars in the Austin 
range (Fig. 7). It has a bulbous grilled front. 
wings flared into the bonnet and the body 
sides, built-in headlamps and a four-door 
integral body-cum-chassis of welded, stressed. 
skin construction. All the chassis assem. 
blies, i.e., power unit, front suspension, 
rear axle, &c., are secured directly to suit. 
ably reinforced mountings, and a sufficient 
rigidity has been attained by the use of spot. 
welded brackets and stiffeners. The front. 
wheel suspension employs independent coil 
springs and wishbones mounted on rubber 
bushes with shoulders to take thrust load. 
The upper link of the suspension system is 
connected with a double-acting hydraulic 
damper. The underslung hypoid rear axle 
is supported by long semi-elliptic leaf springs 
with rubber bushes in the spring-eyes and 
bronze bushes at the top of the shackles. 
The spring action is controlled by double. 
acting, piston-type dampers, the arms of 
which are interconnected by an anti-roll bar. 
A braking lay-out which incorporates Lock- 
heed brakes of the usual hydraulic design 
at the front, has rear brakes which are 
operated by mechanical linkage from a 
remote hydraulic cylinder, located beneath 
the floor of the body, just ahead of the rear 
axle. This system provides full hydrauli 
compensation between the front and rear 
brakes and cuts down the additional linkage 
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required for the hand brake to a minimum. 
The leading dimensions of the car are as 
follows : 


Wheelbase tae ake yo 6ft Tim 
Teg Ps as a a a en 
Overall length ... L1ft 5in 
Kerb weight 13} ewt 
The two Austin ‘‘ Sevens” at the stand 
are displayed on rotating platforms ; there 
is little opportunity to examine them at 
close quarters and to assess their seating 
capacity, but it would appear that they are 
slightly roomier than the old “Sevens. 
There are, however, two exploded models 
of the complete power unit which arouse 
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considerable technical interest. Here, again, 
the lay-out is entirely conventional in every 

ct and presents basically a scaled-down 
version of the ‘A 40” powerunit. Although 
there is fundamentally nothing novel or 
morthodox in the design, the scaling down 
process has been done with a high degree 
of skill and ingenuity. The 1800 cc engine 
of 58mm bore and 76mm stroke has a com- 

jon ratio of 7-2 to 1 and develops 30 h.p. 
at 4800 r.p.m. The maximum torque at 
400 r.p.m. is 40 lb-ft, occurring with the 
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. 


manifold, which incorporates a “ hot spot,” 
consisting of a thin stainless steel diaphragm 
with a projecting vane to pick up heat from 
the cast iron exhaust manifold. Cooling 
water is circulated by a centrifugal pump 
with thermostatic control, and the ignition 
system (12V) is fitted with vacuum control 
in addition to the automatic advance. 

The clutch (Borg and Beck) has a single 
dry plate of 6}in diameter. The gearbox 
has four forward speeds with synchromesh 
engagement for all but the bottom gear. 
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high b.m.e.p. of 125 lb per square inch. The 
four cylinders have full-length water-jackets 
and the detachable cylinder head carries 
the overhead valve gear, which is operated 
by push rods from the forged steel camshaft 
in the crankcase. The camshaft (without 
balance weights) is driven by a single roller 
chain from the crankshaft, and the timing 
gears are fitted with twin tensioner rings 
of synthetic rubber to ensure quiet chain 
operation. The eccentric rotor oil pump 
(system Hobourn-Eaton) is driven from the 
rar end of the camshaft and delivers the 
lubricating oil by way of drilled passages to 
a oil gallery and from there to the camshaft 
and main bearings. The connecting-rods 
have jet holes to provide oil quickly to the 
cylinder walls during the warming-up period, 
and a separate passage feeds oil, at reduced 
pressure, from the camshaft front bearing 
to the valve rocker gear and to the timing 
chain. A by-pass oil filter is fitted outside 
the pressed steel sump. 

A Zenith downdraught carburettor with 
air cleaner is fitted to the aluminium inlet 


A short gear lever is mounted in an offset 
position at the rear end cover of the gearbox. 

The Austin engine is an example of a well 
designed unit, particularly careful attention 
having been given to all the various details. 

The top speed of the Austin ‘‘ Seven” 
is expected to be well in excess of 60 m.p.h., 
and the makers claim a petrol consumption 
of 50 miles to_the gallon at a cruising speed 
of 40 m.p.h. The favourable power-weight 
ratio of 45 h.p. per ton should give the car 
a good flexible performance in top gear. 
Whether production on a big scale can begin 
at once will mainly depend on the steel 
position and on the firm’s ability to tool up 
for it. It can be expected that the demand 
of this first modern British car with an engine 
of less than 1 litre cylinder volume will be 
considerable. The present model costs, in- 
cluding purchase tax £507, and it would be 
most desirable if the car, which is so typically 
British in its whole conception and evidently 
designed for conditions and roads in this 
country, could be made available to the 
home market in sufficient numbers. 


(To be continued) 


Electricity Generation and Transmission 


in Great Britain 
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| TURN now to transmission developments 
and, with one exception, shall confine myself 
to the future 275kV scheme. The exception 
—a matter of major importance—is the 
co-ordinated planning of the 132kV grid 
system and the main distribution systems, 
which has become possible since nationalisa- 
tion. Many of the former undertakings 
obtained a financial advantage by restricting 
the number of points at which they took 
supply from the Central Electricity Board. 


* By Sir John Hacking, Oct. 11th, 1951. Abstract. 





It is now possible to consider the best method 
of meeting requirements from the point of 
view of overall economy, irrespective of 
which party has to bear the capital expendi- 
ture involved, and more than forty new 
132kV supply points have been established 
or agreed since April 1, 1948, compared with 
only seven—one of which was a temporary 
supply—during the previous five years. In 
all these cases the relative merits of extending 
the distribution system and of establishing 
a new 132kV supply point have been com- 








528 


pared, and, on technical and financial 
grounds, the new supply point has been 
preferred. 

The 275kV Scheme: Need for a Super- 
imposed System.—The main object of the 
original 132kV grid was the pooling of 
generating plant within defined areas. It 
was intended that each area would normally 
operate independently; the few circuits 
linking adjacent areas were intended only 
for occasional use, to facilitate maintenance 
or in emergencies. However, owing to the 
impossibility of accurately predicting the 
varying rates of load growth in the different 
areas and of matching local plant resources 
to local requirements, there arose a situation 
in which, although there was in total enough 
plant to meet the national load, its distribu- 
tion was such that there was a deficit in 
some areas and a surplus in others. Inter- 
connected operation of all areas was therefore 
tried experimentally in 1938; it proved 
successful and has since continued as the 
normal arrangement. Thus, for nearly 
thirteen years the grid has been performing a 
function for which it was not designed— 
that is, national pooling (as distinct from 
regional pooling) of generating plant. The 
value of this during the war is already well 
appreciated; but it is probably not so 
generally realised that, as the subsequent 
plant shortage has gradually developed, so 
the grid has been called upon to deal with 
increasing transfers of power from one part 
of the country to another in order to relieve 
areas where the shortage is greatest, and thus 
to spread the burden of load shedding as 
evenly as possible. To-day, the grid is far 
more heavily stressed than during the war. 

Although a number of 132kV lines have 
been added since the initial scheme was 
completed, the grid still retains its original 
character with relatively weak interconnec- 
tion between the various areas. For example, 
only two circuits connect the north and 
south of the country, so that the power which 
can be safely transferred is limited to 90 MW 
in either direction. To make the maximum 
use of all available plant on every occasion 
and so to minimise load shedding, we should 
need at least four times that capacity to-day. 

Although many of our present difficulties 
in grid operation would not have arisen 
if new generating plant had been installed 
according to programme, it has long been 
realised that, for the continuance of operation 
as an integrated national system, there must 
ultimately be very substantial reinforcement 
of transmission capacity between the different 
parts of the country. Reference to this was 
made by my predecessor, Mr. Haldane, in 
his Presidential Address three years ago. 

To determine the form which the rein- 
forcement should take, a comprehensive 
investigation was initiated by the Central 
Electricity Board and carried to a conclusion 
by the Authority. For this purpose a study 
was made of the probable conditions when. 
meeting a national load of 30,000MW, which 
it was expected would be reached by 1965 
or thereabouts, and an assessment was made 
of the transmission capacity likely to~ be 
required for interconnection of areas for the 
purpose of national pooling of generating 
plant. It was found that the only way to 
provide the required capacity was by super- 
imposing an entirely new system which 
normally would form the sole means of con- 
nection between the various regional systems. 
Although the superimposed system could 
possibly consist of 132kV circuits of higher 
capacity than those of the original grid, it 
was concluded that a system consisting of 
fewer circuits operating at a higher voltage 
would be more satisfactory and no more 
costly, A further advantage of the higher 
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voltage was that it would enable provision 
to be made for bulk transmission of energy 
from the coalfields to the load centres, for 
which it appeared that there would be con- 
siderable scope in the future. 

Consideration was given to the alternative 
of ultimately abandoning national operation 
and reverting to the original conception of a 
number of areas operating independently. 
To provide the same security of supply in 
each area, however, it was estimated that at 
least 5 per cent more generating plant would 
have to be installed and that the capital 
cost of this would be much greater than that 
of the superimposed system. 

Choice of Voltage-—The higher voltage to 
be used required very careful consideration. 
On the Continent 220kV has been extensively 
developed during the last decade. At the 
upper extreme it seemed possible that 380kV, 
the highest voltage at present being developed 
anywhere on a commercial scale, might be 
economically justified for future bulk trans- 
mission. With the difficult atmospheric 
conditions in this country, however, much 














Twin 0-175 int Conduetors per phase. 
Twin 0-4in2 Conductors per phase. 
© Transforming stations. 
FiG. 3—275kV Grid: Outline Scheme for 1960 


research and development on insulation 
problems would be needed before a system 
could be designed for that voltage. For 
similar reasons it was considered that high- 
voltage direct current was not practicable 
for the immediate requirements. It was 
decided finally to design the new system 
for initial operation at 275-300kV. This 
voltage is one of the proposed international 
standards and was considered the highest 
practicable for immediate adoption. 

Outline of Scheme.—Fig. 3 shows the 275kV 
scheme proposed to meet requirements up to 
1960. The main features comprise a central 
ring embracing the East Midlands, the Mid- 
lands, Lancashire and the West Riding of 
Yorkshire, with a connection to Scotland, 
via the north-east coast and Carlisle, and 
two lines direct to the London area. These 
connect to a horse-shoe round London, 
terminating at Tilbury on the north bank of 
the River Thames and Littlebrook on the 
south. A third connection between the 
Midlands and London is formed by a line 
via the Severn Valley. Altogether about 
1100 miles of new line construction will be 
required, the total estimated cost of the 
scheme being some £52 million at the prices 
ruling at the time of its adoption a year ago. 
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A substantial part has been approved for 
completion by 1955 and work is actively in 


progress. 

As with the existing Grid, the new system 
will operate with solidly earthed neutral 
at each transforming point. All the equip- 
ment will be designed for continuous opera- 
tion initially at voltages up to 300kV and 
an impulse test level of 1050kV. 

Tower Designs and Conductor Sizes.—An 
experimental 40-mile section of line between 
Staythorpe and Sheffield is now nearing 
completion. This comprises single-circuit 
towers equipped with twin conductors of 
steel-cored aluminium on each phase, each 
conductor being of 0-175 square inch equi- 
valent copper section. For the remainder 
of the scheme, double-circuit construction 
will be used, partly on account of the inherent 
economy in capital cost per kilovolt-ampere 
of transmission capacity and partly to make 
the best use of wayleaves. Experience with 
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for the pooling of spare plant in the ex; orting 
and importing zones. 
Two ranges of tower design will be ugeg 
one for the twin 0-175 square inch con, uetors 
and the other for the twin 0-4 square ing 
conductors. The normal spans will }y 
1000ft and 1200ft respectively. Both  esign 
will follow the same general outline as thy 
existing 132kV towers and will carry a sj 
earth wire. Fig. 4 shows the two ditlerey 
types of 275kV double-circuit tower aid, fo, 
comparison, a standard 132kV double-cireyj 
tower. An important feature in the ney 
tower design is the use of high-tensile stee), 
By using 60 per cent of such steel the total 
weight of the smaller double-circuit towe 
will be about the same as that of the single. 
circuit tower which is employed on th 
Staythorpe-Sheffield experimental — sectioy 
and which is built wholly of mild steel. 
Provision for Increase of Voltage.—\ixty 
clearances are being provided on the tower 
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(a) 275kV double-circuit straight-line tower for twin 0-175 square inch conductors. 
(6) 275kV double-circuit straight-line tower for twin 0-4 square inch conductors (designed for future 


operation at 380kV), 


(c) 132kV double-circuit straight-line tower for 0-175 square inch conductors. 
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the existing 132kV system has proved the 
validity of both these reasons. 

Two sizes of conductor will be used—twin 
0-175 square inch per phase, having a thermal 
rating of about 375MVA per circuit, and 
twin 0-4 square inch per phase, having a 
thermal rating of about 570MVA per circuit, 
ie., 1140MVA gross capacity per line of 
towers. Comparison of these figures with 
the 90MVA rating of the original 132kV 
single-circuit grid lines reflects the develop- 
ment in thought and practice in the field of 
electrical transmission over the past twenty 
years. The smaller conductor will provide 
sufficient capacity for interconnection pur- 
poses only, and will be used for the connection 
from Yorkshire to Scotland. For the 
remainder of the scheme the larger conductor 
will be used, and the circuits proposed will 
provide for a total export of nearly 3000MW 
from Yorkshire, the East Midlands and 
Midlands to Lancashire, Merseyside, London 
and the Southern Counties; of the total 
export capacity about half will be available 
for planned exports, the other half being 
required for interconnection purposes, i.e., 


carrying the larger conductors in order to 
permit the voltage to be increased possibly 
to 380-400kV in the future, should develop- 
ments show this to be a practicable and 
economic method of providing further trans- 
mission capacity. The lines will be equipped 
initially with suspension insulator strings 
of the conventional cap-and-pin type, and 
accommodation of all the additional units 
required for operation at 380-400kV would, 
according to our present state of knowledge, 
necessitate larger cross-arm spacing that 
that shown. But it is hoped that, by the 
time the need for a higher voltage is reached, 
advances in insulation technique will have 
led to an appreciable shortening of the 
string. Research on insulators of the rod 
type, and in the use of semi-conducting glaze, 
offers some promise of early progress in this 
direction. 

Substation Equipment.—The switching and 
transforming stations will broadly follow 
present practice on the existing grid system, 
most stations being laid out on conventional 
double-busbar lines. Owing to the greater 
spacing and clearances needed, and in order 
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to keep structure heights within the economic 
range of reinforced concrete construction, the 
gound area required is very large. For 
instance, @ station containing ten 275kV 
bays, with transformers and associated 132kV 
equipment, requires an area of about 12 


sores. 

The 275kV switchgear will have a short 
cireuit rating of 7500MVA and current ratings 
of 800A and 1200A. Both air blast and bulk 
oil circuit breakers will be used, and provision 
will be made for high-speed automatic 
reclosing. 

The transformers to be installed initially 
will be 120MVA, three-phase units of the 
sar-connected auto-transformer type, step- 
ping up from 132kV to 275kV. Voltage 
control will be provided by means of on-load 
tap-changing gear. The choice of 120MVA, 
three-phase units was governed largely by 
transport limitations, and the requirements 
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Bulk Transmission.—I will now return to 
the problem of long-distance transmission of 
energy. Before the war there was little 
scope for bulk electrical transmission in this 
country, because London and the towns on 
the eastern and southern coasts could obtain 
coal cheaply by sea from the North-East 
Coast and South Wales, while most+ of the 
other major load centres could be supplied by 
rail from relatively nearby coalfields. Since 
1939, however, the coal consumption of the 
electricity supply industry has more than 
doubled and the combined contribution of the 
East Midlands and Yorkshire coalfields has 
increased from 30 per cent to 39 per cent of the 
total; this trend is expected to continue. 
Because of the relatively long initial rail haul 
from pithead to port, transport costs for coal 
from these sources delivered at coastal and 
estuary stations are considerably greater 
than for coal from the North-East Coast and 
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coal equivalent of that part of the Hydro- 
Electric Board’s production which was 
exported to the British Electricity Authority. 
The coal equivalent of the Authority’s own 
hydro-electric production is insignificantly 
small and is included in the coal pillars. 
The bands shaded with diagonal lines repre- 
sent transfers of coal between zones by sea, 
width of band being proportional to tonnage. 
The black bands show transfers of coal by 
rail, The bands with dotted outlines show 
the coal equivalent of energy transferred 
electrically ; it will be seen that in 1949 this 
was relatively insignificant. 

The right-hand diagram in Fig. 5 is a fore- 
cast of the picture we expect in 1960. Ata 
range of some ten years ahead such a fore- 
cast must of necessity be speculative, but it 
will serve to show the direction in which we 
are planning. Some 70 per cent of the total 
energy exported from the Mid-East and 


Coal resources. 

Hydro resources. 

Generation. 

Electrical requirements. 
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Fig. 5—Annual Transfers of Coal and Electrical Energy (Expressed as Equivalent Coal) Between Zones 


of the scheme will involve double banking 
of these units at numerous points. For 
instance, it is envisaged that, in each of the 
main connecting stations for the London 
area, there will be six transformers in three 
banks to provide a gross transformer capacity 
of 720MVA. 

The 275kV scheme will involve pioneer 
work in connection with many other items 
of equipment such as cables, protective gear 
and indicating and control systems; these 
cannot be covered in detail in this address. 

The value of the 275kV development in 
enabling British manufacturers to keep in 
the forefront of progress and to compete in 
high-voltage work overseas is not, of course, 
to be overlooked. Here I should like to pay 
tribute to the good co-operation existing 
between the engineers of the manufacturers 
and of the Authority; this is helping to 
solve quickly and efficiently the many 
problems involved in the design and produc- 
tion of the equipment required. 


South Wales, where the initial rail haul is 
short. It was found that, by augmenting 
the capacity of a transmission system suit- 
able for interconnection purposes only, and 
thus enabling these transfers of energy to be 
made electrically, considerable net savings 
could be made as compared with transporting 
the coal. 

In Fig. 5, the left-hand diagram illustrates 
the transfers of energy which took place 
between different zones in the year 1949. The 
zones correspond with the present grid control 
areas, except that the northern part of the 
Manchester grid control area is shown as a 
separate zone. In each zone the black pillar 
represents the annual tonnage of local coal 
production for the Authority’s generating 
stations ; the pillar shaded with horizontal 
lines represents the coal consumption of the 
local stations; and the unshaded pillar 
represents the coal equivalent of the local 
consumption of electrical energy. In the 
North of Scotland the diagram shows the 


Central zones will then be handled electrically. 


CONCLUSION 


In conclusion, I should like to take you 
back twenty-four years to the presidential 
address of the late Sir Archibald Page. We 
were then on the threshold of one of the 
major developments in the supply industry, 
namely, the establishment of the 132kV grid, 
and Sir Archibald gave an outline of its main 
features. 

In 1926, the year before his presidency, 
some 5750 million kWh were sold by public 
supply undertakings in Great Britain, 
excluding the North of Scotland district, 
and Sir Archibald mentioned that output 
during the last five years had increased 
by 54 per cent. It is of interest to compare 
those figures with our latest figures. In the 
year ended March 31st last, over 46,500 
million kWh were sold, an increase of 
50 per cent during the last five years and 
eight times the 1926 figure. 
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Metallurgical Topics 


Work Hardening of Mild Steel under 
Explosive Impact 


WHEN a thin layer of explosive is detonated 
on the surface of a steel plate, rapid absorption 
of the high intensity compression stress wave 
occurs and part of the absorbed energy is 
expended i in cold working the metal. The wave 
is attenuated as it passes through the plate 
and so permits observations to be made of its 
effect at various stress levels. 

Experiments have been carried out by J. S. 
Rinehart! on plates 2in to 3in thick. The 
thickness of the layer of explosive varied up 
toa maximum of 2in. It was estimated that the 
initial stress may have been of the order of 
300,000 atmospheres and to have lasted 2- 
microseconds. Each plate was sectioned and 
Rockwell hardness tests made across the thick- 
ness: Fig. 1 is characteristic of the change in 
hardness. The hardness decreased rapidly 
with increasing distance from the surface at 
which the explosive was detonated. It then 
remained constant for a considerable distance 
and, ‘beyond this, fell more or less gradually 
towards the original hardness of the plate. 
Increase in the amount of explosive had no 
effect on the value of the hardness reached 
but merely moved to the right the point at 
which the “ plateau” or region of constant 
hardness began. Thus, for a layer of explosive 
tin thick this point was at about 0-lin from 
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FiG. 1— Work-Hardening Curve for Annealed 0-2 per cent 
Carbon Steel Plate. 


the surface ;, for a 2in layer at about 0-5in. 
The plateau was also somewhat longer for a 
thicker layer of explosive. Other facts 
observed were that the difference between the 
original hardness of the plate and the plateau 
level was constant and independent both of the 
hardness of the plate and of the thickness of 
the layer of explosive. The point at which the 
plateau began did not change with variation 
in the original hardness of the mild steel plates 
employed but a high initial plate hardness 
shortened the plateau and reduced the depth 
in the plate up to which appreciable work- 
hardening was produced by a given stress 
wave. 

The occurrence of this plateau in the hard- 
ness curve seems to be peculiar to mild steel. 
Copper, brass and a typical aluminium alloy 
were investigated, but the hardness curves for 
these materials do not show any abrupt change 
in slope. The course of the hardness curve 
for mild steel and the existence of a region of 
almost constant hardness strongly suggest 
that two distinct mechanisms were operative 
in bringing about the changes in hardness. 
This was supported by micro-examination. 
In the layer near the surface on which explosive 
had been detonated the structure was severely 
distorted. The lower boundary of this layer 
coincided with the beginning of the plateau 
in the hardness curve. The region below this 
layer was characterised by a large number of 
Neumann bands, which are the indication of 
twin crystals mechanically produced by shock. 
The author of the paper therefore suggests 
that normal plastic flow by slip is superimposed 
on shock twinning in the narrow region close 
to the explosive and that shock twinning is 


mainly responsible for the hardness throughout 
the rest of the plate. 


Part PLavep By NEuMANN BANDS 


The suggestion quoted above seems to be a 
very probable explanation of the form of the 
hardness curve. The formation of Neumann 
bands is an almost instantaneous process ; 
plastic flow starts more slowly. The time 
required to initiate plastic flow in mild steel 
is a function of the applied stress. For the 
time of loading involved in explosive impact, 
the stress must be very high. Many years 
ago Rosenhain and McMinn found that it 
was not possible to produce: Neumann bands 
by impact in mild steel immediately after 
it had subjected to slow deformation 
and, recently, Geil and Carwile obtained Neu- 
mann bands in ingot iron stretched in tension 
at —120 deg. Cent. or below, but found that 
their formation was inhibited by cold work 
previously applied at room temperature. This 
affords an interesting example of the analogy 
between high-speed and low-temperature phe- 
nomena. It thus appears that in mild steel 
under explosive impact, the first action is to 
ptoduce the maximum amount of shock twin- 
ning shown by Neumann bands uf to a certain 
depth and beyond that a change of the same 
character in decreasing degree, followed immedi- 
ately by strain hardening, due to slip produced 
by high stresses near the surface, of a layer of 
the steel already hardened to a moderate 
extent by Neumann band formation. 


1 Journ. Appl. Physics, August, 1951, Vol. 22, page 
1086. 

? Proc. Roy. Soc., Series A, June 2, 1925, Vol. 108, 
page 231. 


3 Journ. of Research, U.S. National Bureau of Stan- 
dards, 1950, Vol. 45, page 129. 


Hydrogen Embrittlement 

In connection with the general question of 
hydrogen embrittlement, and more especially 
with the part played by hydrogen in the hard- 
zone cracking of alloy steels on welding, refer- 
ence may be made to a report entitled ‘‘ The 
Effect of Hydrogen on the Brittle Strength of a 
Series of Steels,” recently issued by the Ministry 
of Supply.* The authors of the report— 
Messrs. G. L. Hopkin and D. O. Pickman—have 
examined the effect of hydrogen on the pro- 
perties of notched tensile specimens of carbon 
and alloy steels. Hydrogen was introduced by 
heating the machined specimens in an atmo- 
sphere of hydrogen while they were hung in a 
vertical furnace from which they could be oil- 
hardened direct, by dropping them into an oil 
bath, where they were agitated for two minutes, 
then withdrawn and degreased, checked for 
distortion and tested thirty minutes after 
quenching. The heating in hydrogen consisted 
either of four hours at 880 deg. Cent. or half an 
hour at 1000 deg. Cent., followed by two hours 
at 850 deg. Cent. Each treatment gave about 
the same hydrogen content, which was deter- 
mined, thirty minutes after quenching, on }in 
diameter cylinders, heat-treated similarly to 
the tensile specimens and was of the order 
4-5 ml to 5-5 ml per 100 g. Mechanical tests 
showed considerable scatter, partly owing to 
fine cracks formed at the notch on quenching, 
and partly to eccentricity of loading; though 
every precaution was taken to ensure axial 
loading and specimens showing distortion of 
more than a few thousandths of an inch were 
rejected. Ductility was measured by reduction 
of area of the minimum notch section as deter- 
mined by measurements of shadowgraphs, 
before and after testing. Tests involving 
variations in the rate of strain were made in a 
pendulum-type hydraulic testing machine. The 
true strain rate at the notch could not be 
determined, but two different rates of strain in 
the ratio 1 : 10 were employed. Tests were also 
made at the sub-zero temperatures —65 deg. 
and — 150 deg. Cent. 

For comparative purposes, duplicate tests 


were carried out on all the steels, heat-treateq 
in an atmosphere of nitrogen. 

The effect of hydrogen on the properties of , 
0-21 per cent carbon steel was slightly to jp. 
crease the maximum load of unnotched 
specimens, and to decrease it slightly in 1 otcheq 
specimens. Ductility as measured by reiuction 
of area was reduced to half its value in the 
unnotched specimens, but the very small redye. 
tion Of area of the notched specimens was 
hardly affected. 

Four types of alloy steel were used: | per 
cent Cr-Mo, 3 per cent Cr-Mo, 1} per cent 
Mn-Mo, and 2} per cent Ni-Cr-Mo. The effec 
of hydrogen was similar in each case. |) 
unnotched specimens, with and without hydro. 
gen, there was little difference in maximunn load 
when moderately fast straining was employed, 
but with slow straining the hydrogen-treated 
steel broke with a slightly lower maximum load, 
The reduction of area was, however, markedly 
reduced by hydrogen, values being in some 
cases only one-tenth of those given by the 
specimens treated in nitrogen. In the pre. 
sence of a notch the maximum load of the 
hydrogen-treated specimen was only one-half 
to one-quarter that of the control specimen 
without hydrogen. The slower rate of strain 
gave bright intercrystalline fractures at even 
lower loads in the specimens containing 
hydrogen, whereas the nitrogen-treated speci. 
mens showed wholly transcrystalline fractures 
at both rates of strain. The extent of the inter. 
crystalline zone in the fracture of the hydrogen. 
treated test pieces decreased with increased 
rate of strain and with decrease in testing 
temperature below atmospheric. 

The embrittling effect of hydrogen only 
becomes important if time is allowed for 
diffusion to take place and allow the hydrogen 
to accumulate under pressure in the molecular 
form at preferential sites or discontinuities in 
the steel. This accounts for the greater effect 
of slow loading, and was further demonstrated 
by the fact that the notched bar impact value 
of heat-treated 2} per cent Ni-Cr-Mo steel 
(Vickers Diamond hardness approximately 400 
to 550) was very little affected by cathodically 
charging the test pieces with from 3 ml to 
5-6 ml per 100 g of hydrogen, an amount 
which reduced the reduction of area of the 
notched tensile test pieces from 5-6 per cent to 
0-3 per cent. 


German Steels for Surface Hardening 


Streets for surface hardening by flame or 
induction heating must be such as to give the 
desired combination of properties in the 
hardened layer and throughout the body of 
the material. A number of different properties 
may be required in the core and at the surface, 
and it is therefore necessary, for any particular 
purpose, to be able to make a choice from 4 
variety of steels. German steels for these 
purposes are discussed by H. Voss in an article 

n “ Steels for Flame, Induction and Immersion 
Surface Hardening.”* Table I gives the 
chemical composition of these steels, the surface 
hardness attained in parts up to 40mm in 
diameter, and the depth of hardening obtain- 
able. In making a choice of a steel for a par- 
ticular purpose, the properties required in the 
core must first be taken into account as these 
are practically unchanged by the process of 
surface hardening. With regard to the surface, 
if a high surface hardness is required, the steel 
must have a high carbon content. To increase 
depth of hardening, an increase in alloy content 
is necessary. The depth of hardening is 
dependent on the hardenability of the individual 
steels. If a depth of hardening of 2mm is 
required, this may be obtained by modification 
of the conditions of heating, in which case 
there is a free choice of steels, or by the use of 
the low-manganese, carbon steel Cf 70, which, on 
account of its low hardenability, forms 4 
hardened layer only 2mm deep. The usual 





*Armament Research Establishment, Metallurgical 
Report No. 10/50. Ministry of Supply, February, 1961. 





* Stahl und Hisen, September 27, 1961, Vol. 71, pag? 
1037. 
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form Of hardness lay-out over the section is 
shown in Fig. 1. Fig. 2 shows the hardness 
gradient of Cf 70 in which part of the core has 
undergone a partial hardening, 

If, .s is usual, hardening to a greater depth 
than 2mm is required, choice of suitable material 
must be made. Any of the steels except Cf 70 
would give a depth of 2-4mm, according to 
the surface hardness required; but only the 
alloy steels, excluding the 1 per cent man- 
ganese steel, 40 Mn 4, would give a depth of 








THE ENGINEER 


lower carbon, as 30CrNiMo8, a depth of 
hardening of over 6mm can still be obtained. 
In. practice, choice falls on the most eco- 
nomical steel which meets the demand for the 
properties desired in the hardened surface and 
in the underlying steel. In the range of carbon 
steels the most important are C 45 and Ck 45 
(Ck implies a higher degree of purity than C). 
They are used for a variety of purposes in 
machine construction, including driving gears 
and similar parts, and for camshafts and small 









































Tasis I1—Average Chemical C with Attainable Values of Surface Hardness (Rockwell “‘C”’) and of Depth 
of Hard Surface, of Steels for Flame, Induction and Immersion Surface Hardening 
Attainable values 
Designation of steel % C © Si Mn | %Cr|%Mo| %Ni| %V Surface Depth 
hardness,* | max.,t 
Re. mm 
0 35, Ck 35 0-35 | 0-25 | 0-55 " : 51 to 57 4 
€ 45, Ck 45 0-45 0-25 0-65 55 to 61 - 
Cf 56 cae 0-56 0-30 °| 0-55 59 to 63 + 
Cf 70 0-70 0-20 0-3 60 to 64 ~2 
40Mn 4 ... 0-40 | 0:35 | 0-95 —_ - — 54 to 59 4 
42 MnV 7 0-42 0-25 1-8 — - 0-1 55 to 60 6 
37 MnSi 5 0:37 1-25 1-25 _— - - _— 53 to 58 6 
53 MnSi 4 0-53 0-9 0-9 -- — 58 to 62 6 
34Cr4 .., 0-34 0-25 0-65 1-0 — — 52 to 57 6 
36Cr6 ... 0-36 0-25 0-4 1-5 oa — ~ 53 to 58 6 
41Cr4 ... 0-41 0-25 0-65 1-0 — —_— — 54 to 59 6 
34 CrMo 4 0-34 0-25 0-65 1-0 0-2 - -- 52 to 57 6 
42 CrMo 4 0-42 0-25 0-65 1-0 0-2 - — 55 to 60 6 
50 CrMo 4 0-50 0-25 0-9 1-0 0-2 — 58 to 62 6 
42 CrV 6... 0-42 0-25 0-6 1-5 _ 0-1 55 to 60 6 
50 CrV 4... 0-50 0-25 0-9 1-0 — - 0-1 58 to 62 6 
58 CrV 4... 0-58 0-25 0-9 1-0 — — 0-1 60 to 64 6 
36 CrNiMo 4 ... 0-36 0-25 0-6 1:0 0-2 1-0 —_ 53 to 58 6 
34 CrNiMo 6 ... 0-34 0-25 0-5 1-5 0-2 1-5 — 52 to 57 6 
30 CrNiMo 8 ... 0-30 0-25 0-4 2-0 0-3 2-0 —_— 49 to 54 8 
55 NiCrMoV 6 0-55 0-25 0-6 0-7 0-2 1-7 0-1 59 to 63 6 
* After tempering at 160 deg. to 180 deg. Cent. 
+ Depth at which hardness falls to minimum given in previous column, determined by tests on cross section. 
46mm. Uniformity of depth of hardened  crankshafts in vehicle construction. Whereas 


layer was tested on samples from nine different 
casts (electric and open hearth) of steel 
42MnV 7. In similarly treated specimens 
from the same cast, the depths varied by +1-3 
per cent; from different casts +6 per cent. 
Such variations, which probably apply to all 
alloy steels, are negligible. 

The temperature gradient has an important 
effect. If the depth of heating exceeds the 
limits given above, there is no increase in the 
real depth of hardened layer, but there is a 
transition zone (Fig. 3). A broad transition 


the softer 0-35 per cent carbon steels have only 
limited use for surface hardening, steel Cf 56 
is important, especially if high surface hardness 
is required, as, for example, in piston bolts, 
lathe spindles and other parts in which a high 
resistance to wear is desirable. Steel Cf 70 
occupies a special position in that it is used 
when a good surface hardness and small depth 
of hardening are required in circumstances that 
make control of heating difficult. Its use is 
limited to parts having a wall thickness under 
about 10mm in induction heating or-20mm in 

flame heating. Exam- 

ples of its use are found 

in sewing machine con- 

struction and in the 









































- . bicycle industry 
800 j Steel 40 Mn 4 covers 
3 700 ' 1 the same range of uses 
5 600 Ee as C 45, with a higher 
3 | Ch45 CL strength of core. A- 
fe: | ' mong the alloy steels, 
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Distance from Surface - mm. 


M, minimum value of surface hardness; H, depth of hard surface ; 


£, depth of heating. 


Fics. 1 TO 3—Hardness Distribution in Cross Section of Flame or 
Induction-Hardened Steel (H. Voss) 


zone is formed at the expense of the core, which 
should preferably remain unaltered ; moreover, 
additional stresses which act unfavourably 
are set up in the material. It is desirable to 
choose conditions such that the depth of heating 
does not exceed that of the hardened layer. A 
broad transition zone gives a false idea of the 
depth of hardened layer, whether this is judged 
by traeture or by macro- etching. 

it ig not usual to require a hardened layer of 
more than 6mm in depth. With greater thick- 
ness there is a danger of spalling, especially if 
the carbon content is high. In a steel with 





53 MnSi 4, 50 CrV 4, 
50 CrMo 4 and 58 CrV 
4 find their use in 
components which 
must have high strength 
and a wear-resisting 
surface such as large 
gear mechanism, bor- 
ing bars and_ the 
like. Steels 42 MnV 7, 
42 CrMo 4, 42CrV6 and 41Cr4 are inter- 
mediate between these two groups. Finally, 
the CrNiMo steels quoted at the bottom of 
Table I are only used in special cases when the 
properties demanded in the core call for the 
use of a highly alloyed steel. 

The author concludes by quoting a number of 
American and British specifications. In the 
En steels suitable for surface hardening, he 
finds little ‘agreement with either American or 
German compositions, but nevertheless a 
compilation which enables a right choice to be 
made for all applications. 


‘advantages and limitations of boron. 
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Boron Steels 


A seriEs of articles by D. I. Brown, in Iron 
Age’, gives detailed information about the treat- 
ment and applications of boron steels. The 
subject is of great importance, as, with increas- 
ing shortage of alloy elements, the urge to make 
use of boron is increased. The articles give 
details of the recent A.I.S.I. specifications for 
boron steels. They refer to the development of 
steels containing boron for carburising and to 
their actual use for carburised gears and carbo- 
nitrided components, and also in such articles 
as bolts, axles, springs, &c. 

Boron does not confer on the steel any 
characteristic property like corrosion resistance 
or strength at high temperature. Its sole 
function is to increase the depth to which the 
steel can be hardened. The actual hardness 
obtained is not affected by the presence of 
boron; it is a function of the carbon content. 
In view of the very small amounts involved, 
the control of boron content is usually effected 
by hardenability tests and not by analytical 
methods. 

The articles in Iron Age very fairly set out the 
The 
potential advantages are obvious, and the 
question remaining is in what circumstances 
they may be attained and guaranteed. It is 
therefore important that, in attempting develop- 
ments, the limitations of boron which have 
already been demonstrated should be kept in 
mind. These limitations, as summarised by 
D. I. Brown, are as follows :— 

(1) More boron is needed in the lower carbon 
grades to obtain the maximum hardenability 
effect. 

(2) Too much boron may cause the steel to 
become hot-short. In high-carbon steels the 
maximum is about 0-005 per cent boron. In 
low-carbon grades the maximum is 0-008 per 
cent. 

(3) The effect of boron on hardenability 
decreases with increasing carbon content up to 
about 0-9 per cent. Above this carbon content 
boron has no further effect on hardenability. 

(4) Maximum benefits of boron ‘are only 
manifest in parts that are thoroughly quenched 
and tempered as a final heat-treatment. A 
fully tempered martensite structure is required 
for optimum properties in the heat-treated 


t. 
pms) The former rich-alloy grades are often 
used with good results in parts larger than the 
standard critical cooling sections recommended 
for those grades. If high impact properties are 
needed in the core it is not advisable to do this 
with boron steels. 

(6) More precise control in heat-treating is 
required with boron steels than with those — 
made foolproof by high-alloy content. 

(7) More distortion is likely in heat-treating 
boron steel parts. 

Several correspondents wrote raising objec- 
tions to the emphasis placed on the limitations 
of boron steels, though the facts underlying 
the limitations were not denied. The opinions 
expressed were rather that they could easily be 
avoided, and the need for more precise control 
of heat-treatment was questioned. 

Apart from the limitations mentioned above, 
there are other difficulties and uncertainties 
which still have to be cleared up before the use 
of boron in steel can become more general. 
These include analytical control of boron 
content, the best methods of making boron 
additions in different circumstances, and the 
consequences of the presence of boron in scrap. 
In this connection the first report of the “‘ Panel 
on Substitution of Alloying Elements in Engi- 
neering Steels,” of the U.S. Metallurgical 
Advisory Research Board, is of interest. The 
section dealing with boron steels has been 
issued.2 It contains much information about 
boron addition agents. Details are given of 
eleven different compositions, which vary 
widely in boron content. 

In view of the shortage of alloying elements, 
the investigation of these questions and the 
further development of boron steels are matters 
of considerable economic importance. 

1 , Sth, 79; July 12th, 
as Jay, ub, pa vig gs | ade ; 26th, ae 68; tand 


ugust 9th. Lae 
* Metal Hors, August, 1951, pages 81-92. 
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DEFICIENCY IN CAPITAL 
EXPENDITURE 


THE output of manufacturing industries 
in this country has been rising for the last 
several years at a rate of some 8 per cent per 
annum and that of the engineering industries 
has, very probably, been rising at a sub- 
stantially greater rate. But, unfortunately, 
there are many signs that the increases in 
output of certain basic industries have not 
kept pace with that rapid rise. For instance, 
despite the fact that much less coal has, so 
far, been exported this year than last, coal 
stocks to-day are only about one million 
tons larger than they were at this time 
last year, and it seems inevitable that 
shortages will hamper industrial output next 
spring. Again, although this winter there is 
likely to be available an increase in elec- 
tricity generating capacity of some 900MW, 
load-spreading (and probably load-shedding, 
too!) is likely to be more widespread this 
winter than last. Coke supplies have already 
run short and in certain regions gasworks are 
no more likely easily to meet demands this 
winter than last. Nor is the deficiency to be 
found only in fuel and power supplies. So 
little is being expended upon the improve- 
ment of roads that they become every year 
less adequate to carry the increasing weight 
of traffic upon them, so that delays are multi- 
plied, the wear and tear of vehicles is in- 
creased, and the number of casualties is 
bound to rise. The railways are finding it 
more and more difficult to make ends meet 
financially, and only a more rapid expendi- 
ture of capital upon re-equipment holds out 
much hope of producing upon them such 
economies as could make them financially 
sound. In short, in the fuel, power and 
transport industries insufficient capital is 
being expended to keep their development 
in line with the rapid; improvement of 
the industrial productive capacity of this 
country. 

The Victorians admired thrift. For it was 
recognised that the thrifty individual was not 
only likely to prove successful in life, but his 
thriftiness conferred benefits upon the com- 
munity at large. And how much Victorian 


thriftiness attained ! What a high proportion 


of the income of the whole nation must have 
been saved and have been expended upon 
capital equipment in order in that period 
to build almost the whole railway system we 
know to-day, so many docks and harbours, 
so many ships and so many industrial works 
and houses ! But even if individual thriftiness 
is less admired to-day than it was, it still 
remains as true as ever that the greater the 
thriftiness of a nation and the greater the 
proportion of its national income that it 
spends upon capital equipment, the more 
rapidly will its industrial output and its 
material living standards improve. There 
are, however, always more deserving projects 
than there are capital resources to spend 
upon them. A choice has to be made 
amongst the projects. The laissez-faire 
Victorians were content to make that choice 
very largely upon grounds of financial 
profitability, believing—rightly—that what 
profited the individual profited the nation 
too. Thereby first things undoubtedly were 
put first. But other projects deserving 
in themselves on grounds of social or 
national gain but less individually profitable 
often received no _ financial support 
whatever. To-day—alas !—we cannot 
depend so largely upon individual thrifti- 
ness to benefit the nation. High taxation 
forbids it. Indeed, to a considerable degree, 
the control of thrift has passed into the 
hands of the Government, which, through 
the operation of a variety of controls and 
through the taxation of incomes and profits, 
can heavily influence how much of the 
national product shall be consumed at home, 
how much shall be exported in exchange for 
raw materials, foods and consumption goods, 
and how much be expended upon home 
capital equipment. Thereby unquestionably 
it is ensured that projects offering insufficient 
financial attraction to the individual receive 
adequate support from governmental finance. 
But it now falls largely to the Government 
to decide even in other fields how the limited 
capital available shall be expended, and in 
those fields we doubt whether the Govern- 
ment has always put those projects first 
that should come first. 

In any time of stress a popularly elected 
Government, remembering that exports of 
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capital goods can bring in exchange nc: only 
essential raw materials. and foods, bui cop. 
sumption goods as well, is likely to cho: se to 
discourage the nation’s expenditure upon 
capital development rather than lose exports 
or reduce living standards. Thereby, 
improvidently, it sacrifices the future zoo 
to present comfort. That, indeed, was, jp 
part, the policy of the Labour Governnient, 
whose fate, as we write, is about to be decideq 
at the polls, in its desire that the effe ‘s of 
rearmament should be felt as little as possible 
in redticed living standards. But the Go, erp. 
mental control of thrift is not complete, 
Only the publicly owned sectors of industry 
fall at all completely under its direction. It 
is therefore those sectors that are particu. 
larly affected if the Government decide, as 
it has decided, to reduce the country’s cajital 
expenditure. Thus, as private industry, 
obeying governmental exhortations, is finding 
the means (whether or not by expenditure of 
capital) to raise output and thereby neces. 
sarily to absorb increasing amounts of fue] 
and power and to make heavier demands on 
transport, the fuel, power and _ trans. 
port resources of the country are fall. 
ing short of the demands made upon 
them. As one consequence makers of elec. 
trical machinery are overloaded with in. 
quiries for generating sets capable of supple. 
menting the uncertain supplies that the 
public authority maintains. As another, 
C-licensed vehicles multiply upon the roads 
as their owners attempt to make up for the 
deficiencies of nationalised road and rail 
transport. And still, again, manufacturers 
seeking to improve productivity, are ham. 
pered in choosing new methods or selecting 
new equipment best adapted to requirements 
by the need to consider the possible effects of 
shortages of fuels and the probability of 
power cuts. Private enterprises, in fact, 
are attempting to correct for deficiencies 
partly created by governmental restrictions 
upon capital expenditure in publicly owned 
industries. In short, capital is being 
expended on small-scale individual develop. 
ments in order to overcome defects in public 
services. At least in socialistic theory, it 
could more economically be expended upon 
more rapid large-scale national improvements. 


“DISCOVERIES ARE MADE BY 
INDIVIDUALS ” 

Nor all Institutions hold their annual 
dinners in the autumn, nor do all presidents 
present their addresses at that time. Yet 
predominantly this is the season for annual 
dinners and addresses. In the past fort- 
night, for instance, Sir John Hacking has 
made his address to the ‘“ Electricals,’ Dr. 
Glanville has presided over the annual dinner 
of the Institution of Civil Engineers, and 
Mr. Hartley, in accordance with the 
strenuous custom of the ‘“ Mechanicals,” 
has, within twenty-four hours, presided over 
the annual dinner of that Institution and 
presented his address to its members. We 
intend to write little about the dinners. 
As always, they were pleasant enough 
affairs, at which friends and acquaintances 
were able to meet, mingle, discuss techni- 
calities, and listen to speeches. The speech- 
makers nobly did their duties, and the 
presidents, as is the custom, reviewed in their 
speeches Institution affairs of the last year. 
No more need be said, though we may, 
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perhaps, be allowed to pause, for amoment, to 
chuckle again at the disrespectful reference 
in Lord Brabazon’s reply for the ‘‘ Mech- 
anicals’”’ guests to “the possible replace- 
ment of the steam locomotive by something 
like a guard’s van!” 

We commented last week on Sir John 
Hacking’s address to the .“ Electricals.” It 
was full to overflowing with facts and figures 
about the work of the British Electricity 
Authority. But Mr. Hartley’s address to 
the ‘““ Mechanicals’’ had a very different 
character. Mr. Hartley took as his theme a 
quotation from the address given by Sir 
Harry Ricardo, seven years ago, about the 
influence upon him of Professor Hopkinson 
at Cambridge. ‘‘ Hopkinson’s methods were 
by no means always orthodox ; he believed 
in following step by step, a logical and 
reasoned sequence, but only up to a point: 
if that looked like becoming too prolonged, 


‘then he would fall back on the principle of 


trying every bottle on the shelf, and if that 
did not achieve his end, his next step was to 
try something really silly and see what 
happened. He taught me never to accept 
anything second-hand, unless it accorded 
with one’s Own common sense and experi- 
ence: to be sceptical of one’s own observa- 
tions when they failed in this respect : and 
never to cling too long to a theory, however 
cherished.”” Mr. Hartley took for examples 
to stress these points his own experiences 
and those of the teams with which he worked 
on, amongst other problems, those of 
developing a mechanism to control a machine 
gun firing through an aeroplane propeller 
disc, of improving a new bombsight mech- 
anism, and of originating the Pluto pipe-line 
across the Channel and the Fido method of 
fog clearing on airfields. His conclusion was 
that ‘‘ very few urgent engineering problems 
cannot be solved provided they are clearly 
defined and are tackled from a background 
of sound knowledge and wide experience, 
backed up by imagination and determination 
to find the most direct solutions.” His 
advice to young engineers faced by intract- 
able problems was to “imagine you have 
succeeded and then turn round, look back, 
and try to find out how you did it.” That 
advice may seem strange. Yet how sound 
it is psychologically | For to imagine one has 
succeeded is to attain to confidence that 
success can be achieved and to overcome the 
demoralising and devitalising thought that 
one may be pursuing a chimera or attempting 
to solve what forever will remain insoluble. 
One further point may be made. The cross- 
word clue that defeats us in the morning 
often yields up its secret easily after lunch ! 
For the brain works in strange ways. Let 
an intractable problem be “ forgotten ’’ for 
an hour, a day, a week, or a month, and upon 
returning to consider it afresh-it may be found 
that the brain has already solved it. At 
least a host of new ways of tackling it will 
have become apparent. No doubt it was 
with some such thought in mind that Mr. 
Hartley recommended young men _ with 
difficult technical problems to solve to “ sit 
back, clear your mind and focus your atten- 
tion afresh, clearly and squarely, on the 
objective.” 

Mr. Hartley repeatedly spoke of the work 
of teams in solving problems. Indeed, it has 
become the fashion—we do not know whether 
Mr. Hartley would subscribe to it—to 
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suggest that in the future we shall need to 
depend upon teams to make new discoveries. 
Yet, as Professor Adrian said, in proposing 
the toast of “The Institution,” at the 
“ Civils ’’ dinner, ‘‘ discoveries are made by 
individuals.” Ideas are the property of 
individuals, not of teams. The team may, 
indeed, prove more effective than an indi- 
vidual in solving a problem. But it is so 
only because any individual idea offered it 
immediately comes under independent 
criticism, because the implications of the 
idea, if it survives criticism, can be rapidly 
worked out even by those members of the 
team (if any) bereft of ideas of their own, 
and still more because the original idea 
(whether sound or not), will stimulate ideas 
in others and therefore accelerate progress. 
Yet the inspiration comes from the individual, 
not the team. Since team work is now the 
order of the day, it may very well prove true 
that individual names will be less well - 
connected in the future than in the past with 
particular discoveries. But we are sure 
those discoveries will not be made by teams 
that are without men with great and fertile 
minds among them. Fora team of average 
men cannot equal genius. It can only aid it. 
In the development of engineering technology 
in the future this country will need as many 
fine, independent and fertile thinkers and 
pioneers as ever it had in the past. Mr. 
Hartley’s address will encourage young men 
not only to be bold in thought, but to think 
effectively and to some purpose. Let us 
hope that amongst those who heard the 
address or will read it, there will be some 
with genius waiting to be fired by it ! 





Letters to the Editor 


(We do not hold ourselves responsible for the opini of 
our corr nts) 


STRUCTURAL LIGHT ALLOY RIVETING 


Sir,—It is remarkable how strong the 
tendency is for workers in one field of engineer- 
ing to ignore work done in allied fields, even 
when that work has a direct bearing on their 
own. This is well exemplified by an article 
that appeared in THE ENGINEER for August 24, 
1951, by J. G. Whitman, who is an associate 
member of the Institution of Civil Engineers. 
The article is entitled “ Structural Light-Alloy 
Riveting with the High-Tensile Alloys,” and 
describes certain development work on light- 
alloy riveting that is being carried out at the 
Military Engineering Experimental Establish- 
ment. From the nature of the title one would 
suppose that the author would have taken the 
trouble to discover what work had recently 
been done on the subject by mechanical and 
aeronautical engineers. Apart, however, from 
a general introductory statement to the effect 
that, up till recently, only soft riveting alloys 
had been used in the aircraft industry “ quite 
inadequate for the transfer of the higher shear 
intensities of structural joints” (to use his 
own words), there is little evidence to indicate 
that he has concerned himself with cognate 
work in other fields. Incidentally, the remark 
just quoted is somewhat misleading since the 
19-ton failing shear stress of A.W.15 rivets 
(considered satisfactory by him) is little superior 
to the comparable 18 ton achieved by R.37 
rivets that have been used for years past in 
aircraft structures. 

It is, however, on Mr. Whitman’s discussion 
of rivet load distribution in a line of rivets in 
tandem (as shown in his Figs. 5 and 6) that I 
wish particularly to comment. The point I 
want to make is that, while his conclusions may 
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be the truth, they are not the whole truth, and 
can therefore be dangerously misleading. 

His conclusion is that, so long as the stress 
in the plates is not above the proof stress for 
the plate material, “a comparatively small 
amount of ductility is required from the rivets 
to ensure a sufficiently uniform distribution 
(of rivet loads) in structural joints.” He goes 
on to say that, on the basis of the test results 
shown the load distribution between the rivets 
“can be safely assumed to be 100 per cent for 
this type of structural joint.” 

What he does not emphasise is that this 
uniformity of rivet load distribution is only 
attained at a load just short of the failing load 
for the joint. He omits to mention that at 
loads below the failing load the distribution is 
radically different and that in a six-rivet 
half-joint (i.e.; a twelve-rivet strap) the two 
end rivets have reached their yield stress before 
the load on the joint has reached one-fourth 
of the failing load. Thus if the working load 
is a quarter of the failing load, the end rivets 
are stressed to yield point every time the work- 
ing load is applied. What effect this has on the 
life of the joint may readily be imagined. In 
the same way, at half the failing load the end 
rivets are almost at breaking stress while the 
middle rivets are still below half their yield 
stress. 

In the light of the above remarks, it is sur- 
prising to find Mr. Whitman saying that 
“rivets are, or should be, desigtied on yield 
strength in shear and bearing, because these 
are the stresses at which the ‘ultimate’ 
strength of a structure is reached.” For, if 
the latter course were followed in the design 
of his twelve-rivet test joint No. 6 (Fig. 5), 
the middle rivets of each half of the joint would 
be practically unstressed at maximum design 
load, while the end rivets would be at yield 
point. Furthermore, that maximum design 
load would be, as already stated, about a 
quarter of the failing load. 

Such points as these are made clear in a 
recent paper* by the writer, where, however, 
the main interest lies in a comparison of the 
behaviour of rivets and spot welds. It is to be 
presumed that Mr. Whitman is unaware of 
this work. 

D. WitL1aMs 


October 15th. D.Se., M.I.Mech.E., F.R.Ae.S. 





THE CLOSING OF BRANCH LINES 


Sir,—With reference to my previous letter 
concerning diesel railears and to Mr. Perkins’ 
letter in to-day’s THE ENGINEER, I was aware 
that railcars were already in use, and I should 
have made my original letter clearer by saying, 
““T wondered why British Railways do not 
make more use of diesel railears.” I sincerely 
hope that British Railways will give some 
thought to this matter and to the employment 
of diesel-electric locomotives for main lines, 
pending consideration being given to the com- 
plete electrification of our railways. 

As an interim measure, could not all lines 
running into London within a radius of approxi- 
mately 50 miles be electrified ? ° 

PETER FRANCIS 

Southend-on-Sea, October 19th. 

Sa Rees enc as 

A Buiast-FurNacE RELINE.—On September 26th, 
the No. 10 blast-furnace of the Appleby-Frodingham 
Steel Company was blown in after a reline, which is 
believed to be the quickest ever done in this country. 
The blowing in took place 324 days after blast was 
taken off. During this time a complete reline was 
carried out, the hearth being increased in diameter 
from 22}ft to 25ft. - Auxiliary equipment was 
overhauled and extensive modifications were 
made to adjacent railroads. 

*“ Load Distribution in Riveted and Spot-Welded 
Joints,” first presented at the seventh International Con- 
gress for Applied Mechanics (London, 1948), recently 


discussed and published by the Inst. of Mech. Engineers 
(April, 1951), and summarised in THE ENGINEER of 
April 13th. 
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Institution of Mechanical Engineers 


PRESIDENTIAL ADDRESS* 
By A. C. HARTLEY, C€.B.E., B.Sc. (Eng.), M.I.Mech.E. 


N 1916, I was fortunate enough to be 

chosen by the late Professor Bertram 
Hopkinson, F.R.S., Professor of Mechanism 
and Applied Mechanics at Cambridge Uni- 
versity, for work with him in the Experi- 
mental Armaments Section of the Air 
Ministry and to be commissioned in .the 
Royal Flying Corps. Members will remember 
that Sir Harry Ricardo, in his Presidential 
Address in 1944, paid tribute to Professor 
Hopkinson’s great influence over him at 
Cambridge, forty years before, and I cannot 
find better words than Sir Harry’s to express 
Professor Hopkinson’s influence over me, 
from the time I joined his Department up 
to his untimely death, in a flying accident, 
in August, 1918. 

I will now quote Sir Harry’s words : 

‘* Hopkinson was, I think, quite the most 
stimulating research leader I have ever met, 
with an almost uncanny perception combined 
with good judgment and a_ thoroughly 
practical outlook. Hopkinson’s methods 
were by no means always orthodox; he 
believed in following, step by step, a logical 
and reasoned sequence, but only up to a 
point: if that looked like becoming too 
prolonged, then he would fall back on the 
principle of trying every bottle on the shelf, 
and if that did not achieve his end, his next 
step was to try something really silly and see 
what happened. 

“He taught me never to accept anything 
second-hand, unless it accorded with one’s 
own common sense and experience; to be 


sceptical of one’s own observations when 
they failed in this respect, and never to cling 
too long to a theory, however cherished.” 
That is what Sir Harry said, and Professor 
Hopkinson’s methods at once appealed very 
strongly to me because they confirmed so 
emphatically the methods taught me at 
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College, and “ drummed into me ” since by 
the engineers who had so greatly influenced 
my training. 

The most urgent requirement when I 
joined the Armaments Section was for a 
reliable gear to control a Vickers machine 
gun and enable it to fire between the blades 
of the tractor, single-engine, single-seater, 
fighter aircraft which had then replaced the 
old ‘‘ pusher” machines. The Vickers gun 
had to be within reach of the pilot, so that he 
could clear the stoppages which were so 
frequent with guns of that day. The gun 
had therefore to fire through the sweep of 
the propeller, and the first solution, fitting 
deflectors made of steel to the blades, proved 
useless because of the reduction in speed of 
the aircraft and the large percentage of the 
bullets deflected. British aircraft were 
designed to give the pilot the best field of 
view and the best manceuvrability and per- 
formance. The engines were of many different 
types, and in some machines, such as the 
“§.E.5,” the engine was forward of the 
main planes, and the pilot~with the gun 
alongside him was behind. Thus long 
linkages with bell cranks, cross-shafts, &c., 
with bearings on the fuselage were necessary 
to connect the engine to the gun. The pilot 
frequently altered the engine revolutions 
during combat, and each resulting change 
of torque flexed the fuselage and frequently 
jammed the gears, with disastrous results. 
Step by step some slight improvements 
were being made, but the need for an effective 
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gear became more urgent because the 
Germans had produced a very efficient.one 
the Fokker, and this was giving them great 
superiority in the air. 

The German problem was simpler, because 
they had standardised a vertical engine, 
placed immediately in front of the pilot and 
with the machine gun alongside the engine 
on the same mounting, so that a short, rotary 
shaft, independent of the fuselage, was all 
that was required. When the situation 
became desperate, Hopkinson’s methods 
came into play, and ensured the thorough 
examination and, subsequently, intensive 
development of an idea brought into the 
department by Mr. George Constantinesco. 
To many the idea would have at first appeared 
silly, but, as Sir Harry has said, Hopkinson’s 
method on occasion was to try something 
really silly and see what happened. Many 
silly ideas were being brought along every 
day; in fact, I believe Mr. Constantinesco 
called just after a gentleman had “ been 
disposed of ’” who wanted to attach refrigerat- 
ing machinery to kite balloons and send it 
up to freeze clouds to provide convenient 
airfields from which fighters might take off, 
the more easily to attack Zeppelins ! 

Mr. Constantinesco explained that he 
could, by hitting a piston at one end of a 
pipe full of oil under pressure, make a per- 
cussion wave travel along the oil column with 
the velocity of sound in oil, about 1000m a 
second, and operate another piston at the 
far end. Hopkinson, to my good fortune, 
directed me to follow up this idea at an early 
stage in the experiments, and I will now 
describe some of the incidents of its develop- 
ment which illustrate the effective use of 
imagination under his leadership, without 
which it would never have become the 
successful ‘‘ C.C.” gear, as it was to be called. 

The first models were too heavy, too clumsy 
and also too complicated in the method of 
applying to the oil column the pressure 
which was necessary to put the gear in 


Trigger Motor 





A. Initial clearance 4mm. 
. Tripping. 
', Minimum overrun after tripping Imm. 
. Trigger motor push rod to be free of the joint cover 
axis pin. 


Fic. 1-——Arrangement of Trigger Motor on Front Cover 


Plate of Vickers Gun 


operation. But stage by stage a gear was 
produced which gave encouraging results 
with a gun in experimental aircraft, firing 
on the ground into a butt. Meanwhile, test 
benches were fitted up so that a gun could 
be fired through a tin disc rotated at a con- 
trolled speed, and belts of 200 rounds of 
ammunition were soon being fired through 
a single hole in the disc. In combat, however, 
a belt of ammunition is fired in short bursts, 


and at varying engine speeds; when this 
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was tried on the test bench an alarmj 
number of stray shots appeared in the tin 
disc, many of which would have holed the 
propeller. 

Intensive experiments were made at vary. 
ing speeds and number of bursts and the 
results analysed. I will try to explain the 
causes of the strays and how they were 
eliminated when it looked as if further 
attempts to develop the gear were usclegs, 
The analysis showed that definite groups of 
strays occurred at constant revolutions with 
bursts of any length, and that when 
the constant revolutions were reduced or 
increased the angle of the group of strays 
relative to the timed group was reduced or 
increased. 

It was soon found, by calculating the time 
from the angle between the groups that this 
must be due to the percussion wave, after it 
had operated the “ trigger motor ” (Fig. 1), 


Non-return 


Vickers Gun 
Main Oil Pipe Line (o) 


a Without modification. b Modified 


Fic. 2——Trigger Motor Unit 


being reflected back to the wave generator 
piston and forward again with sufficient 
power to operate the trigger motor a second 
and even third time. This appeared most 
serious and almost fatal to further develop- 
ment, but the team suggested fitting at the 
end of the oil pipe near the trigger motor a 
damping valve with a small hole drilled 
through its head and down its stem (Fig. 2). 

The valve would open and let the oncoming 
wave operate the piston and then close to 
damp out the return of the wave through 
the small hole. This suggestion was imme- 
diately successful, but there still remained 
stray shots when short bursts were fired, and 
these were thought to be caused by slow or 
short first movements of the trigger motor 
as the oil pressure was being built up to 
start the gear. We were at once assured 
that the ammunition was beyond suspicion 
and was so designed that the percussion cap 
either detonated effectively or not at all: 
therefore it could cause a misfire, but not a 
delayed or stray shot, and the strays must 
be due ‘to the “C.C.” gear. However, 
“ believing no man and desiring to prove all 
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things,” we took out the bullets and cordite 
from « number of rounds and touched them 
off on a Vickers gun lock, after we had 
inserted varying numbers of cigarette papers 
to prevent the extractor slide, through which 
the firing pin had to pass, from coming hard 
home against its stop (Fig. 3). With the 
first few pieces no perceptible differences in 
the detonation of the caps were noticed, but 
when more were added there was a most 
astonishing result. The firing pin was bent 
down and slowed down while being pushed 
through the hole in the extractor slide, and, 
owing to its being out of line, the crisp 
almost smokeless detonation became a low 
smoky ‘ woof.” 

Some makes of ammunition were better 
than others, and an improved design of cap 
was made, but, meanwhile, it looked again 
fatal to our gear because weak or short 
strokes of the trigger motor produced the 
cigarette paper effect on the extractor slide 
and badly timed and’ dangerous shots were 
the result. However, the team again pro- 
vided a quick, simple and fully effective 
solution for the difficulty by lengthening the 


Extractor Stop 






Extractor Slide 


Cigarette papers 
inserted here 








7 
Firing Pin 


Showing insertion of cigarette papers. 


Fic. 3 — Vickers Gun Lock 0-303 Mark II 


trigger motor piston so that when at rest 
it was pushed hard against the trigger motor 
cylinder end to cover the oil inlet (Fig. 2). 
The end of the piston was thus made to act 
as a valve offering only one-quarter of its 
area to the impact of the wave. 

If the wave was sufficiently strong to dis- 
lodge the piston from its seat acting only on 
one-quarter of the area, it ensured a full 
sharp stroke, and if not the wave was simply 
inoperative. Many similar flashes of imagina- 
tion were necessary to produce the control 
mechanism which eventually enabled the 
pilot, with very light thumb pressure and 
no interference with his control of the aero 
plane, to fire single shots or bursts of any 
length at will, and with two guns. 

The wave generators were at first driven 
from engine power take-offs, and when there 
was a reduction gear between the engine and 
propeller its ratio in reverse had to be fitted 
between the engine and “C.C.” gear. This 
became complicated, and, in fact, dangerous, 
when epicyclic gears were used, as on some 
Rolls-Royce engines, with slightly different 
ratios with different “Marks ” of the same 
engine. Here, again, the method of imagina- 
tive direct approach to the problem was 
applied, and the wave generator, cylinder 
and piston were mounted on the engine 
casing, and the operating cam was fitted 
directly on the back of the propeller boss, 
thus cutting out all gears and timing directly 
from the propeller itself. 

There were many more difficulties to be 
overcome, but they were all met in the same 
spirit, and the “C.C.” gear became remark- 
ably reliable and almost universally used 
until well after the 1914-18 war, when guns 
firing between the blades of the propellers 
became obsolete. Munitions test establish- 
ments actually asked for “C.C.” gears for 
proving their ammunition . 
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Many other examples of the direct imagina- 
tive approach were seen during the 1914-18 
war, and I was impressed by the result which 
could be obtained by introducing*a little 
flexibility where complete rigidity could 
not be maintained. This often applied to 
human relations as well as to machines ! 
Flexibility introduced into one gun mounting 
on an aeroplane greatly reduced its weight 
and risk of damage, and a sixpenny bicycle 
chain provided a reliable drive to the magneto 
of an aero-engine when a complicated shaft 
drive failed more disastrously the more it 
was strengthened. 

After the 1914-18 war I became a partner 
in the consulting engineering firm of Maxted 
and Knott, and was chiefly engaged on the 
building of cement works at home and abroad 
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electrical and seismic, have been used to 
augment the older geological methods ; 
rotary or mud flush systems of drilling have 
superseded the older cable tool or percussion 
system, enabling wells to be drilled faster 
and to greater depths ; special methods have 
been developed, using advanced designs of 
mechanical equipment, to enable drilling to 
proceed under pressure, and the wells to 
be brought in without loss of oil even though 
pressures in excess of 6000 lb per square inch 
may be encountered. Multi-stage separators 


are used at the oilfields, with long, horizontal . 


steel vessels capable of working at pressures 
up to 1500 lb per square inch, to reduce the 
well pressures and separate the gases with a 
minimum loss of the valuable light fractions. 

Pipe-lines which were 6in or 8in in dia- 
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Fic. 4—Methods Used to Free a Bit Stuck 249ft Below Ground Level 


until, in 1924, I joined the Anglo-Iranian 
(then the Anglo-Persian) Oil Company. 
During the next twenty-six years, mainly 
at the head office in London, but with some 
spells in Persia, I have seen the oil production 
of the company increased from under 4 
million to more than 30 million tons a year 
in Persia, and the company’s interest in the 
Iraq and Kuwait Oil Companies developed 
on a very large and increasing scale. 

During this period, under the inspiring 
leadership of the late Lord Cadman and of 
his successor as chairman, Sir William Fraser, 
C.B.E., and of many others, such as Mr. J. A. 
Jameson, ©.B.E., who pioneered and 
developed the operations in Persia, teams 
drawn from every branch of engineering, 
science, physics, architecture, medicine and, 
indeed, every walk of life have contributed 
to the building of Abadan as it is to-day, with 
a refining capacity of upward of 25 million 
tons a year and all the services required for a 
township of more than 150,000 people, on 
what was little more than a desert island 
forty years ago. 

During the period, geophysical methods 
for the search for oil, gravimetric, magnetic, 





meter, of lap-welded steel with screwed 
joints have been superseded by 12in to 16in, 
or more, solid drawn steel pipes with welded 
joints, and, later, by longitudinally welded 
prestressed steel pipes up to 36in in diameter, 
also with welded joints. 

Main oil pipe-line pumps were steam driven 
and reciprocating. Later, steam turbine, 
internal combustion engine and electrically 
driven centrifugal pumps were used, and are 
now arranged on the largest pipe-lines, either 
as multi-stage in parallel, or single stage in 
series. Distillation and refining plant, at 
first of the intermittent shell-still type, 
simply boiling the crude oil, have been 
replaced by large continuous pipe-still dis- 
tillation benches with automatic control of 
fractionation, each with a capacity of more 
than 4 million gallons a day, and by com- 
plicated plants of which the most recent is 
the “ catalytic cracker,” costing millions of 
pounds and giving new and improved 
products. 

All these vast developments have produced 
every variety of civil, mechanical and elec- 
trical engineering problem for the company’s 
engineering division, and the consultants 
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and advisers, to tackle, and many members 
of this Institution, directly or indirectly 
through other industries. have contributed 
to their solution. 

I have already said there is no time in this 
address to attempt to deal with these 
problems in detail. They have been well 
described elsewhere, but they offer scope 
for many more technical papers, and I hope 
members will come forward with papers, 
which will do more justice to the achieve- 
ments of the mechanical engineers in the 

‘petroleum imdustry, and so interest the 
younger members in the opportunities, it 
offers. I will, therefore, return to my 
theme of direct imaginative approach and 
give one illustration of its successful applica- 
tion in overcoming a drilling difficulty. 

The first deep well to be drilled in Great 
Britain was at Portsmouth, in 1936, and when 
a depth of 249ft had been reached the rotary 
bit of 23in diameter stuck at 206ft 6in during 
normal pulling-out procedure. After much 
pulling with tne hoist during which the bit 
was raised 3ft, the 1jin diameter wire line 
on the blocks broke. -The breaking load of 
the single line was 43 tons, but as there were 
six lines on the blocks a pull of 258 tons 
must have been applied. A new wire was 
strung with eight lines on the blocks, but 
prolonged efforts failed to move the bit, 
and attempts to jar it down combined with 
the application of the full torque of the rotary 
table were equally of no avail. Hydrochloric 
acid was then pumped around the bit to 
dissolve the surrounding chalk, and pulling, 
jarring, and rotating were yet again 
unsuccessful. 

It was therefore decided to drill a hole 
through the obstruction alongside the bit, 
and the drill pipe was disconnected and 
clamped below the floor of the derrick to 
enable the rotary table to be used to drill 
the new hole. Several types of bit were used 
for enlarging the hole to 6in diameter and 
attempts were made to drill additional holes, 
but all efforts to free the stuck bit failed. 

The situation became desperate and some- 
thing had to be done. A review of the 
position showed that the hoist had not been 
able to apply sufficient pull, the rotary table 
could not supply sufficient torque, further 
holes could not be drilled round the bit, and 
further use of acid seemed useless. More 
power actually at the bit itself was obviously 
necessary. A great reservoir of energy was 
available in the six drilling boilers, but the 
hoist and rotary table could not apply 
sufficient of that energy where it was actually 
needed. 

The idea then occurred of connecting the 
steam pressure to the pipe already in position 
alongside the bit and applying the energy 
direct as a steam jet. Urgent telephone 
messages established that the rotary flush 
armoured rubber hose would withstand the 
steam temperature and pressure, and the 
depth of water in the hole would obviously 
not put too much back pressure on the jet. 
The application of steam caused sudden 
surges of fluid from the hole to be blown 30ft 
up the derrick and created such disturbances 
around the bit that it was freed completely 
in about two hours. Fig. 4 shows the various 
methods tried. 

My period of service with the Anglo-Iranian 
Oil Company was interrupted by periods of 
seconded service on work for the Ministry 
of Aircraft Production and with the 
Petroleum Warfare Department. . During 
1940, I was associated with a team on the 
development of a Royal Aircraft Establish- 
ment design for a stabilised automatic bomb- 
sight which was eventually used for high- 
altitude, high-accuracy bombing with the 
largest bombs, and which was successfully 
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used for sinking the ‘“ Tirpitz”’ in a Nor- 
wegian Fjord. Here, again, the imaginative 
direct approach was used when difficulty 
was experienced in getting reliable results 
in controlling the high-pressure air to the 
servo-motors through a valve which was 
operated by gyro-controlled, low-pressure air 
acting on aneroid type diaphragms. Ail the 
low-pressure air system was dispensed with, 
and the high-pressure ait was controlled by 
piston valves specially designed not to inter- 
fere with the gyro performance when 
attached to it. This development at a 
critical stage improved reliability, simplified 
construction, and saved the bombsight. 

In 1942, in anticipation of a successful 
invasion of the French coast, there aruse an 
urgent operational requirement for a pipe- 
line to supply petrol across the English 
Channel to support the advance of the 
Allied Armies across Europe. After con- 
sideration it was decided that none of the 
usual methods for constructing a submarine 
pipe-line could ve employed because of tidal 
current~, the time factor, and the certainty 
of enemy interference. The successful use 
of a number of flexible pipes of small dia- 
meter finally decided upon, covered by the 
code name “ Pluto,” was described by me 
in detail in the *1945 Annual Lecture, 
Graduates’ Section, London, and now [ will 
say only that at almost every stage, from the 
first suggestion in April, 1942, to the closing 
down of the lines after V.E. Day in 1945, 
when all requirements had been met, 
problems and situations* frequently arose 
which would have stopped further progress 
and led to the abandonment of the whole 
scheme had not the Service and civilian 
teams engaged in the operation used imagina- 
tion and urgent initiative, such as I advocate 
should be used in dealing with our present- 
day problems. 

Also, during the period 1942 to the end 
of the 1939-45 war, I had the privilege, as 
Technical Director of the Petroleum Warfare 
Department, of being associated with flame 
weapon development, and with the develop- 
ment of means for clearing fog at airfields, 
to avoid the great losses being experienced 
by our bombers on return from operations 
and to enable operations to be carried out 
under previously impossible weather 
conditions. 

The problem had been under consideration 
for many years and the basic requirements 
of heat to establish clear visibility under 
various conditions had been determined. 
Some experiments had been carried out, but 
further development had been stopped in 
1939 because of the great cost and of the 
difficulties in applying the required heat 
smokelessly. 

In 1942 the need for fog clearing had 
become so urgent that cost no longer 
mattered, and intensive development was 
restarted, with the highest priority. The 
imagination and initiative displayed in the 
true “ Hopkinson” spirit by the Minister 
responsible, the Rt. Hon. Geoffrey Lloyd, 
and by the Director-General, Major-General 
Sir Donald Banks, K.B.E., D.S.0., and their 
combined team from the fighting Services, 
Civil Service, civil scientists and engineers 
resulted in the installation within six months 
of an effective “ Fido,” as it was called, at 
an operational airfield. It was built with 
readily available tanks, pumps and pipes 
alongside a runway in daily use. Experi- 
mental work was pushed forward at many 
establishments and in a wind tunnel, but the 
early success was achieved by making full- 
scale trials under service conditions with the 
keen co-operation of the R.A.F., long before 
such trials would normally have been con- 
sidered possible or advisable. All complica- 
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tions were strenuously avoided, and simple 
burners were devised -which would bury 
petrol smokelessly, after the preliminary 
heating period, at rates in excess of 25 gallons 
a yard an hour, thus supplying suflicient 
heat for any conditions, and they were 
installed at fifteen airfields in Britain. one 
in France, one in the United States, anv one 
on the Aleutian Islands. 

After the 1939-45 war I returned to the 
Anglo-Iranian Oil Company and witnessed 
a period of great expansion in all phas-s of 
the petroleum industry, particularly per iaps 
in the tonstruction of large-diameter, !ong. 
distance pipe-lines. Great attention has 
been given to the problems of dealing with 
expansion and contraction in these lines, and 
to whether they should be built above or 
below ground. In the latter case protec: ion 
against corrosion becomes of great import- 
ance, and much attention has been given to 
pipe coatings and wrappings and to cathodic 
protection. Protection against corrosion 
is also a very serious problem in connection 
with all oilfields and refining plant, tanks, 
jetties, and, indeed, throughout the whole of 
industry, and offers a vast and important 
field for experiment and research. 

We engineers spend our lives meeting 
problems, and our training is framed to 
provide the knowledge to solve them. 
The examples I have described prove, | 
think, that very few urgent engineering 
problems cannot be solved, provided they 
are clearly defined and are tackled from a 
background of sound knowledge and wide 
experience, backed up by imagination and 
determination to find the most direct 
solutions. 

To the young engineer I would say: 
“When difficulties block your way ahead, 
see if you cannot get round them to the right 
or to the left, or, if necessary, over or even 
under them. If all ordinary methods do 
not succeed and you find you are adding one 
complication to another, then sit back, clear 
your mind and focus your attention afresh, 
clearly and squarely on the objective. 
Imagine you have succeeded and then turn 
round, look back, and try to find out how 
you did it.” In this victorious state of mind 
the vital inspiration may come and a straight- 
forward solution without complications may 
present itself. Try it; I have, and it has 
succeeded ! 


Sugar Beet Harvesting 
Machinery 


THE annual national demonstration of sugar 
beet harvesting machinery was held on Thurs- 
day and Friday of last week at Oxton, near 
Nottingham. It was the sixth of such demon- 
strations to be organised by the British Sugar 
Corporation in co-operation with the National 
Agricultural Advisory Service, and attracted 
a large number of visitors, including many 
farmers and agricultural engineers from twelve 
overseas countries. The harvesting machines, 
which were séen under working conditions, 
were divided into two sections for the demon- 
stration, the first section including machines 
already in production, and the second including 
those which are looked upon as still being in 
the development stage. In the production 
section, there were eighteen machines, the 
majority of which were of British design and 
manufacture. In the development class seven 
machines were demonstrated. In addition, on 
a site adjecent to the fields in which the beet 
harvesters were at work, there was an exhibition 
of ancillary equipment, such as power loaders, 
elevators and trucks, and silage machinery 
for dealing with the tops of the harvested beet. 
The mechanisation of beet harvesting has made 
considerable progress since the war, the per- 
centage of the British crop dealt with mechanic- 
ally having risen from 0-9 in 1946 to 13-7 
last year. 
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Brazing and Welding Copper and 


Aluminium for Electrical Connections 


By E. V. BEATSON, B.Sc. (Eng.), A.M.LE.E.* 
No. II—(Continued from page 503, October 19th) 


Zinc-Coating Brazing of Steel to Copper.— 
Following a similar principle, it is possible 
to resistance-braze copper or some copper 
alloys to steel, if the steel is coated or plated 
with zinc. When heated in a welding machine 
the zine coating melts locally at a relatively 
low temperature, and then alloys with some 
of the copper with which it is in contact, 
forming brass which immediately brazes 
the copper to the steel. Here, again, because 
of the extreme rapidity of heating, the clean 
and rust-free condition of the steel under the 
protective zinc coating, and the action of 
the electrode pressure, no flux or reducing 
atmosphere is necessary. These joints have 
been developed in this country, and it is 
understood that they are also in use in the 
U.S.A. 

Another coating on steel, which has been 
found very effective for this method of resis- 
tance brazing to copper, is a plating of tin- 
zinc alloy. Satisfactory joints have been 
developed between plated steel sheet and 
copper strip, flexible or light single wire, 
in all instances the copper being laid flat 
on the steel and locally spot-brazed to it. 
The micrograph, Fig. 9, of a portion of 





Fic. 9—COPPER STRIP RESISTANCE BRAZED 
TO TIN-ZINC PLATED STEEL 


such a joint shows ( x 650 approximately) the 
very thin alloy layer between the steel and 
the copper. 

Quite apart from the efficiency and 
economy of these particular combinations 
of metals and platings for brazing, it is of 
added interest that both the platings used 
on steel form excellent protective coatings 
as compared with the tin-plating normally 
needed on steel as a preparation for soldering. 

Brazing of Aluminium.—The alloys most 
commonly used for brazing aluminium are 
aluminium-silicon alloys containing up to 
10 or 12 per cent silicon as indicated in 
Table 1, page 502. Small percentages of 
other metals are sometimes added, primarily 
to reduce slightly the melting point. Heat- 
ing is generally by Fass gy alloy being 
fed to the joint by hand. Furnace brazing 
has also been developed, using the same 
alloys preplaced in the form of rings or 
washers, in much the same way as in the 
conventional furnace brazing of steel or 
copper. In all these instances of aluminium 
brazing, however, an extremely active flux 
is necessary, which must be thoroughly 
removed after brazing. 

For this reason the application of brazing 
to electrical connections in aluminium is 


* Joseph Lucas, Limited, Birmingham 
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selected grades of tin-lead solders frequently 
used for electrical connections. The anti- 
monial solders are somewhat stronger than 
the straight tin-lead solders, both in bulk 
and in copper-to-copper joints but give prac- 
tically no improvement on brass. The 
strengths quoted are, of course, at normal 
room temperature and they are consider- 
ably lower at 100 deg. Cent and practically 
negligible at 150 deg. Cent. Certain other 
types of solder, such as that containing 95 
per cent tin and 5 per cent antimony, retain 
their strength much better at these tempera- 
tures and can be used up to about 200 deg. 
Cent. 

The straight silver-brazing alloys of Table 
1, group 1, and those containing phosphorus 
(group 2) have remarkably high strengths, 
as shown in Table III. Joints made in 


somewhat limited, although its use is rapidly 
extending in all classes of sheet metal work, 
such as hollow-ware, radio chassis and heat- 
intercoolers. One scheme, however, which 
has been satisfactorily completed, is the 
brazing of entire busbar installations in 
large telephone exchanges and the like?, 
in which various butt and tee-joints are 
brazed with the oxy-acetylene flame, using 


TaBLEe II.—Properties of Some Solders and Soldered Joints* 





7 
| | 





| 
Composition, Shear Strength, tons per square inch | Conductivity (per 
B.S. 219Grade | Tin/Lead | “cent of Copper) 
In Bulk | Joints in Copper | 
K 60/40 2-8 2-7 | 11-6 
| 
F | 50/50 2:5 2-8 10-9 
B 50/47-5t 3-0 | 3-3 9-8 


ore eas uti | Z 
* Extracted from “‘ Notes on Soldering.’’* 
Note.—j{ Grade B solder contains approximately 2-5 per cent antimony. 








copper and brass are invariably stronger 
than the parent metal and there is virtually 
no deterioration in joint strength at tempera- 
tures up to approximately 350 deg. Cent. 
As these alloys are extremely free flowing, 
joints should always be made with very 
small clearances of the order of 0-00lin 
to 0-002in. As a result, the electrical 
resistance of joints made with group | 


aluminium-silicon brazing metal. Normally 
such joints would have been made by mecha- 
nical clamping or possibly by welding, 
using a straight aluminium filler wire, to 
maintain as low a resistance as possible 
at the joint. However, as in the case of a 
number of the brazed joints in copper, 
discussed, earlier, the actual thickness of a 
correctly brazed joint is so small that a 


TaBLe II1.—Properties of Some Silver Brazing Alloys 





Tensile Strength, as | Conductivity (per 
cast, tons per square cent of copper) 
inch 


Melting Point, 


Group in | Specification or Proprietary 
d Liquidus, deg. Cent. 


Table I | Bran 
| 





1 | B.S. 206, Grade C 630 30 22 
2 | “ Silfos ” 705 45 7-7 
‘* Silbralloy " 694 35 5-8 


9 | 
~ 
t 











Notes.—(a) With copper and copper alloys, the joint strength is invariably greater than that of the parent metal. 
(6) The actual resistance of joints made with alloys in group 2 (Table I) is usually lower than that of 
equivalent soldered joints because of the much thinner films of alloy used compared with those 

normal in soldering. 


alloys is extremely low and even with the 
group 2 alloys joint resistances are com- 
parable with soldered joints. 

It is difficult to evaluate the strengths of 
some of the newer types of resistance-brazed 
joints which utilise special coatings. Often 
the joints may only be made over a small 
portion of the component section; again, 
changes in the values of current, time and 


relatively high resistance brazing metal 
can be used without detriment. The brazing 
operation is, of course, much easier and 
quicker to carry out than welding, particu- 
larly on an installation of the kind quoted. 
Some Properties of Brazed Joints in Copper. 
—The physical properties which are usually 
of chief interest when considering joints in 
electrical circuits are mechanical strength 


TaBLeE IV.—Resistance of Brazed and Soldered Joints 
(Tests on Joints similar to Figs. 6 and 7.) 








| 

Soft Soldered Brazed-alloy in Group} Resistance-brazed, 

| 2, Table I as Fig. 7 
Ce, UU ee a ee ae 10 10 10 
Resistance, ohms x 10-¢ pis A eaee idee: cata 74 69 58 











pressure used in making the joint will not 
only alter the disposition at the joint- 
interface of the intermediate alloy layer, 
which produces the braze, but may even 
radically change the composition of this 
alloy. In general the strength of the braze 
is not very great, although in several appli- 
cations failure will occur in the copper at 
the edge of the joint. Wherever possible, 


and electrical resistance. Published infor- 
mation is very meagre and, while it would 
be unwise to make definite comparisons 
between joints made with various solders 
and brazing alloys, the data given here 
provide an indication of the properties 
which might be expected in joints made by 
some of these methods. 

Table II gives typical values for some 
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however, it is desirable to cater for joints 
of folded design of the type shown in Figs. 
6 and*7. In these joints the mechanical 
keying produced by the natural deformation 
of the two components (seen clearly in Fig. 
7) ensures that mechanical failure will 
occur away from the joint. The electrical 
resistance of the joints, on the other hand, 
is very low because the brazing alloy layer 
is extremely thin, generally of the order of 
0-0001in. 

To provide a basis of comparison, resis- 
tance measurements were made on three 
series of joints between single copper wires 
and copper strip, of construction similar 
to that shown in Figs. 6 and 7. The three 
series were soft soldered, resistance-brazed 
with a phosphorus-silver-copper alloy, and 
resistance brazed, using silver-plating on the 
strip component to provide the brazing 
medium. The results given in Table IV 
indicate the excellent electrical properties 
of these two types of brazed joint, although 
it might be unwise to assume that the 
relative resistances produced by the three 
methods would apply to all designs of joint. 


WELDING 


In considering a subject such as that at 
present under review it is convenient, though 
not in every instance technically correct, to 
place the numerous welding processes in 
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(a) Spot Welding (a) Butt Welding 


FiG. 10—DIAGRAMS OF SOME RESISTANCE 
WELDING PROCESSES 


either of two main categories : one involving 
fusion of the parent metal when heated by an 
external source, without the application of any 
pressure; the other requiring the application 
of a definite pressure on the components as 
an integral part of the welding process. 
Fusion welding consists essentially of melt 
ing the two components locally at the joint 
so that they form a homogeneous mass ; it 
may or may not be necessary to add extra 
filler metal. Heat is generally applied by 
means of a flame (gas welding) or by an 
electric arc, of which there are several types 
in common use. There are two distinct 
groups of process which fall into the second 
category, involving the use of pressure, 
namely, resistance welding and pressure or 
recrystallisation welding. 

In resistance welding the components are 
pressed together between heavy electrodes, 
which conduct a very heavy current from a 
suitable supply such as a low-voltage trans- 
former. The resistance of the components 
to the passage of this current causes suffi- 
cient rapid local heating to weld them 
together under the applied pressure. While 
there are a variety of types of resistance 
welded joints, the two which are normally 
applicable to electrical connections are illus- 
trated diagrammatically in Fig. 10 and 
described later. 

Pressure welding or recrystallisation weld- 
ing may be rather loosely defined as the 
welding of certain metals by the application 
of relatively heavy unit pressures, and at 
temperatures well below their melting points. 

Gas Welding.—Copper and its alloys are 
readily welded with an oxy-acetylene flame, 
the use of lower temperature flames being 
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impracticable due to the high specific heat 
and heat conductivity of copper. Even then 
preheating of the work is often necessary on 
heavy sections, so that there is a considerable 
spread of heat, and the method is only 
feasible where there are no _ insulation 
problems. 

Aluminium can also be readily welded by 
torch, the use of a very active flux being 
necessary, so that thorough cleaning after 
welding must be undertaken. When used 
for electrical connections, particularly in 
heavy-current circuits, a filler wire of 
aluminium (not aluminium-silicon alloy) 
must be used in order to maintain a low 
joint resistance. This method is normally 
adopted for bus-bar connections and similar 
applications, although, as mentioned earlier, 
the alternative of brazing has been used 
recently with complete success. 

Arc Welding.—tThe electric arc in various 
forms is suitable for welding copper, and has 
been applied in several instances to the weld- 
ing of electrical connections. The carbon 
are appears to have been used more exten- 
sively for this purpose than the metallic are, 
possibly because of its slightly higher 
effective temperature, and because of the 
fact that with the carbon arc a flux is fre- 
quently unnecessary. 

From the aspect of weldability, common 
“ high-conductivity ” (H.C.) copper is the 
least suitable, as it already has a slight 
oxygen content, and when raised to welding 
temperatures will readily absorb further 
quantities of oxygen and of hydrogen, which 
on resolidification produces a very porous 
weld. 

Deoxidised copper contains a smali quan- 
tity of free phosphorus, which has been 
added to remove all free oxygen during its 
manufacture. This grade is the most suitable 
for welding, as the deoxidiser tends to 
restrict the absorption of free oxygen by the 
copper. On the other hand, deoxidised 
copper has a much lower electrical con- 
ductivity than the H.C. copper, and is not 
acceptable for many electrical applications. 

Between these two grades is “ oxygen- 
free” copper, which requires special manu- 
facture and is more expensive than the 
others. It is better for welding than H.C. 
copper, and has a higher conductivity than 
deoxidised copper. 

However, it should be recognised that all 
three grades can be considered fog welding 
applications, depending on the quality of the 
joint required in each particular instance. 
Filler wire may be used to add extra metal 
at the weld where necessary, and for this 
purpose rods containing deoxidiser are usual. 
Where the component design is suitable and 
there are no gaps to be filled the components 
may be merely melted locally and fused 
together without the addition of extra filler 
metal. 

Carbon Arc Welding—A very suitable 
application of carbon are welding is the 
joining of rotor bars to end rings in the 
manutacture of squirrel-cage motor rotors, 
particularly in the smaller sizes, where the 
end rings are blanked from copper sheet 
with holes pierced to take the rotor bars. 
The bars are arranged to protrude slightly, 
leaving an excess of copper which is melted 
down during welding to form-a clean con- 
tinuous weld round the end ring without 
extra filler wire. Fig. 11 shows a typical 
example of a welded heavy-duty drill motor. 
Here the material is hign-conductivity 
electrolytic copper, and the rather porous 
nature of the weld is clearly seen ; yet com- 
pletely satisfactory service from several 
years’ production confirms that it is more than 
adequate for the requirements. Such an 
application lends itself either to purely 
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manual welding, or to a more automatic 
lay-out in which a turntable rotates the work 
under a stationary carbon electrode head. 
Preheating the rotors between 200 deg. ang 
300 deg. Cent. is very beneficial, as it permits 
not only faster welding,but also a constant 
welding speed even at the start of each run, 
which is particularly important in automatic 
welding. Here carbon are welding produces 
excellent joints at a very low cost, as welding 
speeds are high, carbon consumption jg 
almost negligible, and there is no additional 
filler wire. 

An ‘interesting application, reported in 
the U.S.A.,4 concerns welding by carbon 
arc of commutator connections on heavy. 
duty d.c. truck motors. In a motor rated 
at 5 h.p., the commutator diameter is 
approximately 4?in and the rectangular 
armature conductors of gin by °/ssin cross 
section are placed lightly in slots in the 
commutator risers, roughly as in the con. 
ventional design for soldering. The arma‘ure 
conductors are insulated with asbestos, and 
the commutator segments with mica, to 
withstand the high operating temperatures ; 
incidentally, welding is only possible because 
this class of insulation is used. The armature 
is mounted vertically in a simple fixture 





FIG. 11—CARBON ARC WELDED SQUIRREL - 
CaGE ROTOR END RINGS 


so that it can be rotated on its own shaft. 
Welding is carried out on the ends of the 
conductors, which have previously been 
trimmed flush with the face of the risers, 
no filler rod being used. A flaw of water is 
maintained on this face immediately adjacent 
to the welding point, partly to cool the 
armature, but mainly, it is stated, to assist 
the operator in preventing the molten copper 
from flowing over the mica separator and 
short circuiting the next riser. It is claimed 
that such a commutator of sixty-five seg- 
ments can be welded in seventeen minutes. 

I. H. Child has described’ in some detail 
the carbon arc welding of other copper elec- 
trical components such as laminated flexible 
connectors to their solid end blocks. Here 
high conductivity copper is welded with the 
use of added filler rod, and it is claimed that 
such joints have an ultimate strength of 13 
tons per square inch, and a resistance only 
slightly higher (approximately 15 per cent) 
than the parent metal. It is clearly illus- 
trated that these joints are carefully prepared 
for welding by “veeing” in the conven- 
tional manner for arc welding of heavy 
sections, to permit adequate penetration of 
the weld through the entire thickness of the 
assembly. Hence the necessity for filler 
rod to deposit extra weld metal in the vee, 
in direct contrast to the rotor and com- 
mutator welding described earlier. 

Inert-Gas Welding.—This is a more recent 
development in are welding, in which an arc 
is struck between a tungsten electrode and 
the work, a stream of argon or helium gas 
being fed through the special electrode 
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holder, around the tungsten electrode. This 
provides @ protective envelope of inert gas 
round both the are and the molten weld 

|. The method has advantages which 
pave, SO far, led to its development and 
application to aluminium and magnesium 
alloys, stainless steel and high-chromium 
alloys. 

Nai urally, it has also been tried on other 
metals, such as copper, and is reported® to 
have been used very successfully in the 
US.A. for welding small squirrel-cage rotors 
of the same kind as the carbon are welded 
rotor illustrated in Fig. 11. While few details 
are given, the weld properties would probably 
be better than with the carbon arc, by 
virtue of the better protection afforded 
against the absorption of oxygen or hydrogen 
by the molten copper ; the cost of inert gas 
welding should be considerably higher because 
of the high cost of the gas. 

Resistance Welding—The two main pro- 
cesses in this group which have been, or 
are likely to be, applied to electrical connec- 
tions in copper or aluminium, are shown 
diagrammatically in Fig. 10, i.e., spot welding 
and butt or flash welding. 

Spot Welding.—This very widely used 
process, illustrated in Fig. 10 (a), is essen- 
tially more applicable to steel and relatively 
high-resistance materials than to copper 





Fic. 12—SPOT WELDED BRASS STRIP TO 
Brass CASE 


and copper alloys. As discussed earlier, 
when considering interfacial-resistance braz- 
ing, the very low resistance of copper com- 
ponents necessitates the use of very heavy 
currents to generate sufficient heat even 
for brazing. In spot-welding the problem 
is made much more acute; first, by the higher 
temperature which is needed for welding and, 
secondly, by the very short time in which 
this heat must be generated to counteract 
the very rapid dissipation of heat away from 
the weld area by the high heat-conductivity 
copper. Generally speaking, spot-welding 
is limited to a maximum of about two 
thicknesses of 0-030in of copper. 

Most*copper alloys, such as brass, phosphor 
bronze, silicon bronze or brass, are, for the 
same reasons, more readily spot-welded 
than copper. An example of brass spot- 
welding is illustrated in Fig. 12, which shows 
a small cylindrical brass container, approxi- 
mately #in diameter, round which a brass 
strap is wrapped and spot-welded. The 
two welds here provide both the mechani- 
cal joint and the electrical connection, 
which is required because the completed 
component, seen also in Fig. 12, is used in 
a cireuit having an earth return. 

The welding of wires, either crosswise to 
cach other or simply to sheet and strip 
components, may be considered in the cate- 
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gory of spot-welding, although it is strictly 
a form of projection welding. In the fields 
of electronics, lamps, instruments and small 
relays, this type of welding is very widely 
used. A great variety of metals, ranging 
from tungsten, molybdenum, nickel and its 
alloys, to silver, copper and its alloys, and 
steel, are joined either together or to each 
other; in a number of these applications 





Fic. 13—-BUTT WELDED FIELD Coils oF 
COPPER STRIP 


the joints are not true welds, but are, never- 
theless, quite satisfactory for the particular 
requirements. In recent years the develop- 
ment of novel designs of welding machines 
having very low mechanical inertia and close 
control of low electrode pressures, coupled 
with synchronous time controls, capable 
of repeating accurately and consistently 
short welding times of five cycles down to 
even half-cycle, have greatly improved the 
quality and consistency of this class of 
work. 

Butt Welding.—This resistance welding 
process is illustrated diagrammatically in 
Fig. 10 (6). As the name implies, it is con- 
fined to the making of joints between brass, 
wire, tubes and strips of round, square, 
reetangular or similar cross-section, butted 
together. From the designer’s point of view 
it should be noted that butt welding is 
limited virtually to two components having 
identical cross-section. This is because, as 
in all resistance welding, the heat is gene- 
rated by the resistance of the contacting 
surfaces of the components to the passage 
of the heavy welding current; in butt 
welding, where there are no specially-shaped 
electrodes to localise the current as in spot- 
welding, it is essential that the contacting 





FiG. 14—PRESSURE WELDED BRUSH FLEXIBLE 
TO COPPER STRIP 


surfaces of the components are of identical 
shape and area, so that they will be heated 
equally. 

Most metals can be butt welded more or 


Jess satisfactorily. A well-known applica- 


tion in the electrical industry is the joining 
together of heavy copper wire, during the 
manufacture of long, continuous coils. The 
subsequent drawing operations to produce 
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the very fine wire confirm completely the 
excellent quality of these welds. 

A good example of the butt welding of 
copper strip as a sub-assembly operation is 
illustrated in Fig. 13, which shows the welded 
connection between two field coils of a low 
voltage motor, the copper strip in this par- 
ticular instance being fin wide by 0-050in 
thick. Such a joining operation is ideally 
suited to mass-production, one operator 
having no difficulty in making over 3000 
welds in an eight-hour day. 

The butt welding of aluminium has been 
given considerable attention in the post-war 
years and can be considered now as a reason- 
able, practical proposition, although there is 
no information relating to electrical joints in 
aluminium having yet been made in this way. 
The possibility of butt welding aluminium 
to copper is also being investigated and it is 
reported’ in the U.S.A., that, by the use of 
a special machine and technique, good welds 
are obtained, which do not~ exhibit the 
excessive brittleness associated with the 
copper-aluminium alloy layer normally found 
in joints between these two welds. 

Pressure Welding.—One of the oldest forms 
of welding, that of joining wrought iron in 
a blacksmith’s forge, is a very near relative 





Local incipient pressure welding is apparent 


FiG. 15—MICROGRAPH OF PORTION OF 
JOINT, Fic. 14 


of this process. In recent years consider- 
able attention has been paid to the pos- 
sibility of pressure welding aluminium and 
copper and some of their alloys, and great 
progress has been made at least in establish- 
ing the basic principles and requirements. 
The most common methods of heating used 
in these investigations are the flame, heated 
tools, and to a lesser extent resistance 
heating. Because of the wide heat spread 
inherent in the first two, they are not likely 
to be much used in the making of electrical 
joints, except in joining sub-assemblies of 
relatively small components, where there 
are no insulation problems. 

The pressure welding of copper and alumi- 
nium by resistance heating is not easy to 
achieve and, in any event, most feasible 
applications would be expected to fall into 
one of the resistance welding categories. 
However, one interesting application is 
illustrated in- Fig. 14, although it must be 
stressed that the joint achieved is not by any 
means @ true and complete pressure weld. 
The copper strip (fin wide by 0-050in thick) 
is folded round the copper brush flexible, and 
the original intention was to place them 
between the electrodes of a conventional spot 
or projection welder and “ hot-press ” them 
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into intimate contact. Examination showed 
that it was quite possible to obtain consis- 
tently a really intimate physical connection 
between the two components and in addition 
local areas of incipient pressure welding, both 
between some strands of the flexible and the 
strip and between individual strands them- 
selves. The nature of the joint is well illus- 
trated in the micrograph, Fig. 15 (420 
approximately). The mechanical strength of 
the joint is primarily that of the closely folded 
strip, though materially increased by the 
partial pressure welding. From the electrical 
aspect the partial welding is undoubtedly 
responsible for the extremely low joint resis- 
tance (considerably lower than the equiva- 
lent soldered or brazed joints) and, more 
important, for the complete absence of 
deterioration under adverse conditions such 
as service in the tropics. This joint has now 
been satisfactorily made under mass-produc- 
tion conditions for several years. 

Cold Welding—Mention should be made 
of this recent development in the pressure 
welding field, which has received some 
publicity® in its development primarily for 
aluminium, and-to a lesser extent for 
copper and silver. Providing the surfaces 
are specially cleaned, good welds can be 
achieved at room temperature by the appli- 
cation of relatively high pressures with 
correctly designed tools. At the present 
stage in the development of the process it 
appears necessary to produce considerable 
local indentation or deformation of the 
metals before a weld is achieved. This re- 
quirement, coupled with the need for correct 
design of welding tools, necessitates very 
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careful consideration and development work 
in the earliest design stages. Nevertheless, 
the attractions of a process which produces 
welded joints without heat are obvious, 
particularly in the electrical field, and while 
so far there is no published information 
relating to proved applications in this field, 
considerable development work is proceed- 
ing on a number of likely applications in 
aluminium and copper, and between these 
two metals. 

It will be seen from this study of the 
various brazing and welding processes that 
while no single method is universally applic- 
able to all electrical joints, as a group they 
do cover a great variety of types of joint. 
In most instances where a soldered or mech- 
anical joint is found to be unsatisfactory for 
the particular requirements, it should be 
possible to find a suitable alternative, 
although this may involve considerable 
development work and a radical change in 
design. Often it may entail some increase 
in cost, but in some instances it is actually 
possible to effect considerable savings by the 
change in method. 
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Metal Economics 
No. I 


N Wednesday, October 17th, the Institute 

of Metals held a general discussion on 
“Metal Economics ” at the Park Lane Hotel. 
The programme was divided into two parts. 
In the morning session, ‘“‘ Primary Resources 
of Ferrous and Non-Ferrous Metals” was 
discussed, and in the _ afternoon session, 
“Scrap Reclamation, Secondary Metals and 
Substitute Metals.”’ In the first session there 
was an introductory address by the chairman, 
Professor A. J. Murphy, and papers were read 
by R. Lewis Stubbs, of British Non-Ferrous 
Smelters’ Association, on ‘‘ The World Supply 
of Non-Ferrous Metals, including the Light 
Metals”; by Professor 8S. Zuckerman, on 
“Metals as Natural Resources,” and by Dr. 
T. P. Colelough, of the British Iron and Steel 
Federation. After lunch papers were con- 
tributed by Mr. C. A. Bristow, Mr. A. J. Sidery 
and Dr. H. Sutton, of the Ministry of Supply, 
on “‘ The Scope for Conservation of Metals, 
Ferrous and Non-Ferrous”’; by Mr. C. Dins- 
dale, of British Railways, on ‘‘ Economy by 
Standardisation of Alloys and of the Method 
of Reclamation of Scrap Metals”; by Mr. F. 
Hudson, of the Mond Nickel Company, Ltd., 
on “The Influence of Specifications on Pro- 
ductivity and the Economic Utilisation of 
Ferrous and Non-Ferrous Metals”; by Mr. 
E. H. Jones, cf Capper, Pass and Son, Ltd., on 
“Secondary Heavy Metals,’ and by Colonel 
W. C. Devereux, of Almin, Ltd., on “‘ Secondary 
Aluminium and Magnesium.” 

Out of the mass of material thus provided we 
have chosen to reprint here parts of the chair- 
man’s address and of the papers by Mr. Stubbs 
and by Bristow, Sidery and Sutton. 


CHAIRMAN’S ADDRESS 


In my Presidential Address* I referred to 
the three significant elements in the balance 





** To the Institute of Metals. 





between supply and demand as: (1) the increas- 
ing population of the world, (2) the non- 
renewable characteristic of mineral resources, 
and (3) the world-wide demand for higher 
standard of living. Statistics in plenty are 
available to show that while the world 
population is rising by about 1 per cent annually 
the consumption of metals is swinging upwards 
at a much higher rate. It is self-evident that 
if these rapidly accelerating imroads into a 
fixed amount of resources were to continue 
indefinitely, the final exhaustion of metal 
supplies would be inevitable. The two vital 
questions are: what quantity of workable 
resources remains untapped and what are the 
prospects of the rate of winning metals from the 
earth (and the sea) keeping pace with the 
soaring demands ? Here we find a cleavage of 
opinion among those who have studied these 
questions and no doubt we shall be made 
aware of these differences as our meeting 
proceeds. 

Those who find grounds for believing that 
critical and enduring shortages will be experi- 
enced within a generation consider that, 
among our present common metals, lead, zinc 
and copper are destined to move into the 
category of relatively scarce commodities. 
At the other end of the scale iron, aluminium, 
magnesium and perhaps titanium are expected 
to remain plentiful for a much longer period. 

Opponents of the view that we are within 
sight of the exhaustion of some of our staple 
metals point to the fact that in the past under 
the stimulus of growing demand the requisite 
increase in supplies of metals has always been 
forthcoming. They express the faith that in a 
free economy and given normal peacetime 
conditions, the ordinary price mechanism will 
provide the incentive for mineral exploration 
and the exploration of new sources and improved 
processes. The point has been well made in 
this connection that a more powerful stimulus 
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than a high price for the mined product is ay 
assured continuing demand. 

You will not need to be reminded how vitally 
important it is to metallurgical industry {, 
arrive at a sound appraisal of the forces in{iueng. 
ing the future trend of supply and demand of 
the basic metals. To take only three examples, 
we may mention galvanising, copper for high. 
tension transmission lines, and lead in ele: trieg} 
accumulator batteries. Is the stringer y jy 
supplies of zinc likely to remain so severe, even 
when the needs of rearmament have bee: met, 
that alternative means of protecting stec! wil] 
replace galvanising permanently in inany 
applications ? Will a continuing critical short. 
age of copper lead to a large extension «! the 
use of aluminium for overhead conduc iors } 
Will the depletion of lead resources caus» the 
lead accumulator to be replaced by other { ypeg 
embodying other, more plentiful, metals ? 

An affirmative answer to any of these ques. 
tions will imply as a consequence a change in 
productive methods which may range from a 
simple adaptation of existing plant, in one case, 
to a complete unheaval in another, demanding 
the learning of new techniques of manufacture, 
control and even of selling. For the metallurgist 
in industry the need for versatility and adapt. 
ability to cope with the new situation is obvious, 
but there is another phase of metallurgical 
activity in which it is- important to have as 
early as possible guidance on the future trend 
of supplies. I refer to the work of the research 
metallurgist. In this country, with our limited 
resources of technical manpower and equip. 
ment, it is especially important that a sub. 
stantial part of these resources should be 
engaged in the most useful and effective way, 
in relation to national needs. If we can know 
now that supplies of metal B will be plentiful 
while those of metal A will inevitably diminish, 
we can direct an intensified programme of 
metallurgical research to a study of metal B, 
and especially of its alloys. This is a matter 
which calls for help not only from the technical 
metallurgist ; the theoretical metallurgist must 
also be ready to commit himself to forecast 
technically useful compositions and treatments 
of unfamiliar alloys which are likely to be 
available when the better-known materials 
have become unobtainable. ; 

Economic considerations and technical metal- 
lurgical factors are closely linked in almost 
every aspect of this subject. Others, more 
expert, will develop this theme and I will 
only refer briefly to two points. The first is 
the changed situation in the metal industry 
when scarcity pushes the price of a basic metal 
much higher relatively to the other main com- 
ponents in the cost structure of the product. 
Many visitors to America have described how 
the metal-working industry there has _ been 
built up on the acceptance of labour as a rela- 
tively scarce and costly commodity, expensive 
plant being installed to make the most econo- 
mical use of human labour, and production 
schedules then being planned to keep the 
plant working at full output with the least 
possible interruption. If now a section of the 
industry has to reconcile itself permanently 
to a greatly enhanced cost of its raw material 
it may be compelled to change this philosophy. 
In such new circumstances the most important 
requirement would be to eliminate every cause 
of wastage of metal and expenditure on plant 
and labour would diminish in significance. 
It would mean that the attitude of industry 
towards its metals would shift away from that 
of the mass-production iron foundry and steel 
mill towards that of the gold mine and the 
silversmith. 

As I have remarked previously, the problem 
can be expressed in the form of three questions : 

(1) .What can we do to improve our supplies ? 

(2) How can we make better use of what we 
have ? 

(3) What substitutes can we use in place of 
the metals which have become difficult in 
supply ? 

The first question will fall for consideration 
during this morning’s session; the other two 
questions will engage the attention of speakers 
this afternoon. 


(T'o be continued) 
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A Carbon Black Plant 


CONOMIC conditions obtaining during the 

post-war period have had a considerable 
effect upon the industrial outlook, and the 
need to reduce dollar expenditure has resulted 
in the construction of plants for the production 
of items previously obtained from dollar 
gurces. Before the war, carbon black was 
imported from the United States, but new plant 
now in operation in this country meets most of 
the country’s needs. On Thursday, October 
llth, Philblack, Ltd., of Bristol, officially 
opened its new factory, on the Avonmouth 
Dock Estate, to manufacture carbon black by 
the ‘ Philblack Process ’’ under licence from 
Philips Petroleum Company, of the United 
states. The plant has been designed to produce 
about 50,000,000 lb of carbon black per annum, 
an amount which is estimated to represent 
50 per cent of Great Britain’s present annual 
consumption. 

Early carbon black, known as “ channel 
black,” was produced by burning natural gas and 
collecting the deposit 
upon slowly moving 
steel channels, later the 
much more efficient 
“Furnace Process” was 
developed to produce 
a semi-reinforeing fur- 
nace black. A fivefold 
rise in the cost of 
natural gas stimulated 
research into other 
methods of production, 
and in 1943 the furnace 
process using oil as a raw 
material was discovered, 
the efficiency of the new 
method was some 30 
per cent and was much 
higher than that of 
the process using nat- 
ural gas. Carbon black 
isused in the manufac- 
ture of inks, paints 
and many other pro- 
duets, but the rubber 
industry is the largest 
wer. The discovery 
by a British company, 
now incorporated in the 
India Rubber, Gutta 
Percha and Telegraph 
Works Company, Lta., 
London, of the strongly 
reinforcing properties of 
carbon black in rubber 
led to the production of 
tyres having a greatly 
increased _ life, = the 
proportions used being thirty-five to forty-five 
parts of carbon black and one hundred parts of 
rubber. 

The Avonmouth plant, covering about 17} 
acres, is designed to produce two grades of 
carbon black, Philblack ‘“‘O”’ and Philblack 
“A.” The “O” plant started operating in April 
and the ‘‘ A’ plant in June, the former having 
per annum and the 
latter 20,000,000 Ib. Philblack ‘‘O”’ is a high- 
reinforcing, high-abrasion resistant fine furnace 
black and in rubber has good resistance to 
cracking, chipping and cutting, and . good 
tensile strength. The blacks have a moderate 
chain structure, a high pH value, a low volatile 
matter content, and a high electrical con- 
ductivity. The particle size is extremely small 
and is approximately 345 Angstroms for the 
“O°” black and 510 Angstroms for the “‘“A” 
product, while the respective areas, measured 
by the electron microscope method, are 84 and 
52 square metres per gramme. Philblack “‘O ” 
gives to rubber reinforcing properties in excess 
of those obtained with channel black, and so is 
used where maximum resistance to wear is 
required, such as tyre treads and belting. 
Philblack ‘‘ A,” classified as a Medium Abrasion 
Furnace black, is a medium reinforcing black 
and is widely used for moulded and extruded 
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PLANT PRECIPITATOR 


rubber products, such as tyre carcases and 
cable sheathing. 

For the production of the two blacks, the 
plant requires approximately 70,000 tons of 
process oil each year. This oil is a special 
petroleum fraction which is imported fr6m 
America, but it is expected that in the near 
future the oil will be. available from the new 
refineries which have recently come on stream 
in this country, and so a further saving in 
dollars will be effected. 


DESCRIPTION OF PLANT 


At the invitation of Philblack, Ltd., we were 
able to make a tour of the plant and to follow 
the process from the admission of the process 
oil to the reactors to the packaging of the 
product. The factory is laid out in two units, 
one producing ‘‘A” black, and the other 
“O” black, and the following description 
refers specifically to the ‘““A” unit, but the 
“OQ” unit is the same in all essentials. 





AND CYCLONES 


The plant, of which we show a number of 
illustrations, consists of reactors, precipitators, 
cyclones, filters and pellet mills, together with 


auxiliary equipment, such as storage. tanks, . 


pumps, air compressors, &c. 

Oil tankers deliver the special process oil. to 
the Avonmouth docks, from where it is trans- 
ferred by means of the ships’ pumps through 
some 4 miles of 14in diameter pipe-line to 
storage tanks. There are three such tanks, 
each having a capacity of 8000 tons, but no 
heating coils are fitted, since the petroleum 
fraction is of a viscosity which can be pumped 
readily. In the vicinity of the storage tanks 
is a pump room housing a battery of centrifugal 
pumps, which transfer the oil to two small 
calibrated day tanks equipped with automatic 
level controls which operate the transfer 
pumps. 

Close to the day tanks is another building, 
in which are sited the reciprocating pumps for 
supplying the process oil to the reactors, and 
the air compressors for providing the air 
necessary for combustion purposes. There is 
one pump for each reactor, to which the oil 
passes through separate supply lines, so that 
the reactor and pump make up an individual 
unit. The system has been adopted for ease 
in operating the plant and any reactor and 
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associated pump can be cut out as required 
without interfering with the reactors remaining 
in operation. Three three-stage air compressors 
each driven by a 550 h.p. electric motor, 
deliver a total of 37,500 cubic feet per minute 
of low-pressure air to a main header Jine, from 
which branch pipes lead to the reactors. 

In the system adopted by Philblack, Ltd., 
production is based on- the thermal combustion 
of hydro-carbon oil in a limited amount of air 
within a reactor furnace. The heat generated 
by the combustion is sufficient to crack the 
unburnt oil and the reaction forms carbon black, 
gaseous by-products and water vapour. Care- 
fuily controlled rates of flow of air and oil 
govern the extent of the combustion permitted, 
and that, together with flow turbulence and 
reactor design, determines the quality and 
quantity of the product. In the flow line dia- 
gram on page 539 the various stages in the pro- 
duction of carbon black can be followed 
diagrammatically. 

The special fraction oil is pumped from the 
day tai to.an oil-fired preheater, where it is 
vaporised and afterwards mixed with a 
graduated amount of low-pressure air, which 
is just sufficient to ensure combustion of the oil 
vapour. The mixture is flashed in a tube 
within a reactor, which consists of a horizontal 
steel cylinder lined with high-refractory bricks 
and water cooled. Cracked under these con- 
ditions, the oil forms a dense black smoke, 
which, on leaving the reactor, passes down- 
wards through a small vertical primary quench 
having open water sprays. The quench serves 
to give preliminary cooling to the gases, which 
are initially at a temperature of about 2400 deg. 
Fah. Further cooling is effected by passing 
them through a piping circuit, where the 
temperature drops to 1000 deg. Fah., and then 
through an atmospheric cooling pipe to reduce 
the temperature to approximately 700 deg. Fah. 

From each reactor group the gases pass to a 
common header pipe leading to the vertical 
secondary open water spray quench tower. 
The gas temperature is about 600 deg. Fah. at 
entry and_500 deg. Fah. when leaving to enter 
the precipitator. This consists of two towers, 
open to each other, having cone-shaped bases 
and each containing a discharge electrode and 
@ surrounding collecting electrode. The carbon- 
laden gases are forced to pass through two 
electrostatic fields of 75,000V, and a feather 
plate extending upward from the bottom of the 
precipitator prevents the gases by-passing the 
electrical fields, the purpose of which is to cause 
the fine carbon black particles to agglomerate 
before passing to the cyclones. About 30 per 
cent of the carbon black in the gases falls to 
the base of the precipitator and both the dis- 
charge and collector electrodes are vibrated by 
electrical means to prevent carbon black 
collecting upon their surfaces. 

The gases, still carrying about 70 per cent 
of the carbon black, now pass through two 
cyclones. They enter the first cyclone at the 
top through a tangentially set inlet pipe, and 
centrifugal force serves to separate out the 
earbon black, which falls down the outer casing 
into hoppers. The gases pass upwards from 
the cyclone through a central duct and are led 
to the second cyclone, where the process is 
repeated. About 65 per cent of the carbon 
black is deposited by the centrifugal action, 


‘leaving 5 per cent to be abstracted before the 


gases can be released to the atmosphere. 
Apart from the necessity of preventing pollution 
of the atmosphere, it has been found that the 
capital expenditure required for the necessary 
filter plant gives an adequate economic return. 

For the recovery of the final 5 per cent the 
gases, which have cooled to about 85 deg. Fah., 
are passed through a filter consisting of a series 
of closely woven glass fabric bags stretched over 
expanded ‘metal frames. The carbon black 
collects on the outside of the bags and at 
intervals another filter is brought into use, 
while the bags of the first filter are shaken to 
release the black. From the three collecting 
points the carbon black is forwarded by stain- 
less steel screw conveyors to a micro-pulveriser, 
where, under the action of hammers, which are 
activated by centrifugal force, the black is 
forced through a fine mesh and any agglomerates 
are broken down to a fine fluffy powder. At this 
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stage (he carbon black has a density of 3 lb per 
eubic foot, and for convenience for packaging 
and transport it is necessary to ‘increase the 
density. 

For this purpose screw conveyors transfer 
the carbon black from the main hopper to the 
yllet mills. These are essentially long hori- 
gontal steel. cylinders, which are constantly 
revolving. Within the mills some air and gas 
is liberated from the carbon black, which forms 
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water is pumped to the water jackets of the 
reactors and then passes to two “Fluor” 
contraflow water towers, which can treat 2400 
gallons per minute with only a 0-2 per cent 
loss the remainder being ready for recirculation. 

As part of the fire-fighting services the plant 
is equipped with a fire ring main, in which the 
water is under a nominal head. In order to 
boost the water pressure in the event of an out- 
break of fire, the equipment includes an elec- 





PELLET MiLLs 


into small soft pellets of approximately yin 
diameter, so that, in its final state ready for 
packaging, the material has a density of 23 Ib 
per cubic foot and is practically a dustless 
product. The pellets are conveyed by an 
elevator to Berquist storage tanks, from which 
trunks lead to filling points. When filled, the 
four-ply paper bags pass on a conveyor belt 
to a stitching machine, and after this operation 
they are transferred to the storage sheds, which 
have a capacity equal to sixty days’ production. 


AUXILIARY SERVICES 


The water used in the plant is obtained from 
bore wells and is stored in a raw water tank. 






trically driven pump, and as a safeguard against 
any failure in electricity supply there is a 
70 h.p., six-cylinder, Meadows diesel engine, 
which is arranged to drive the fire pump 
through a clutch. There are two electrical sub- 
stations and also standby batteries, which, in 
the event of a power failure, will enable the 
plant to be operated for a time sufficient for 
the precipitators to be purged by inert gas 
from plant supplied from the d.c. generating 
system so that processes can be closed 


down without the danger of an explosion. 
There is an extensive ventilation system, 

which serves to keep the air clean and consists 

of extractor fans 


and supply ventilators 


Overhead 
Storage Hopper 
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Part of the water is treated in a water softening 
plant and passed to a storage tank, the re- 
mainder is untreated and is used for sprays in 
the primary quenches at the reactors and in the 
secondary quench tower preceding the pre- 
cipitators and is available for fire-fighting and 
normal domestic services. 

Treated water is used as feed water for the 
two automatically operated Farrar water-tube 
boilers, with an evaporation rate of 3800 lb per 
hour, which supply the heating services and 
steam for the trace lines. Some of the water 
circulates in a closed system, in which the 
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arranged at suitable points. The capacity of 
the system is such that three complete changes 
of air per hour can be effected. Another aid in 
keeping the plant as clean as possible is the 
under-floor-level conveyor system, in which the 
carbon black deposited on the floor is hand 
swept to covered troughs and carried away. 

Further improvements may be expected in 
the development of the economy of the plant 
after it has settled down to full operation, and 
one of the major additions, it is understood, 
will be the utilisation of waste heat for the 
generation of electricity. 





Road Statistics, 1951 


A BOOKLET, entitled “‘ Basic Road Stati- 
stics, 1951,’”’ has been’ published by the 
British Road Federation. It shows that 
vehicle exports, taxation and road users have 
all increased in the past twelve months. The 
number of motor vehicles on the roads of Great 
Britain has now reached a total of 4,409,223, 
an increase of 300,000 on the figure for 1949. 
But it is also stated that, although there are 
approaching three times as many private cars 
on the road as there were in 1928, the number 
of motor-cycles, now 751,738, has hardly 
increased. The number of omnibuses and 
coaches has steadily risen from 46,298 in 1928 
to its present figure of 77,636,, whilst the 
number of tramcars, which stood then almost at 
a peak of 14,341, was last year only 4700. 
Exports of motor vehicles and chassis from 
the United Kingdom in 1950 were valued at 
£216,032,974, which exceeds the 1949 record 
by some £75,000,000 and compared with the 
best pre-war figure (1937) of £14,055,000. 
Motor taxation for the year ended March, 1951, 
totalled £186,907,000 (excluding vehicles pur- 
chase tax), whieh was £80,000,000 higher than 
the previous year’s record high level. There 
were 3058 pedestrians and pedal cyclists killed 
in 1950, a number which was slightly less than 
in the previous year, and compares with 3946 
in 1928. The total fatal road casualties for 
1950 were 5012 and 196,313 people were 
injured. Other statistics reveal that Great 
Britain has 17-6 vehicles per mile of road, the 
highest ratio in the world, thé American figure 
being next at 16. 





| Heavy Duty Hydraulic 
Marking Machine 


A NEw heavy-duty machine for use where 
deep marking or line and diamond knurling 
on round or flat components is required is now 
bing made by Funditor, Ltd., of 3, Woodbridge 
Street, E.C.1. This machine, illustrated below, 
is a clean, compact, fabricated steel unit, with 





HYDRAULIC MARKING MACHINE 


a self-contained motor-driven hydraulic power 
unit enclosed in the base. 

The 9in by 8}in table has a vertical adjust- 
ment of 5in through the handwheel for setting 
purposes and, when marking is in progress, is 
hydraulically operated over a stroke of jin at 
adjustable pressures of up to 12,5001lb. It is 
through this hydraulically operated table that 
the desired depth of impression is set. With the 
table control, components being marked can 
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vary in thickness or diameter up to #in without 
necessity for operation adjustment. between oper- 
ations. The hydraulically operated marking slide 
on which the die is mounted has an infinitely 
variable stroke from jin to 8in, and when 
operating at the maximum length it can make 
up to eleven strokes per minute. The length of 
the working stroke is quickly and easily 
adjusted through hand wheels at the end of the 
slide and .a repeat marking device enables 
registration to be made on return stroke for as 
many impressions as required. 

The two columns of the machine head are 
15in apart and the throat of the machine— 
that is, the distance from the centre of the die 
to the front of the columns—is 4}in. Provided 
the marking pressure to be used is not very 
great the vertical tie bars between the front of 
the columns and the base of the machine can 
be removed when it is required to make bulky 
components. 





A Large Stress Relieving 
Furnace ° 


We illustrate below a new stress-relieving 
furnace, 85ft long, 18ft high and 18ft wide, 
which has been installed at the works of the 
Dominion Bridge Company, Ltd., at Lachine, 
Quebec, Canada. This company has for many 
years placed considerable emphasis on the 


STRESS RELIEVING FURNACE 


development and research of steel fabrication, 
and the new furnace is claimed to be the largest 
yet installed in Canada. 

The furnace was designed by the company’s 
own staff and its size will permit the sectional 
stress relieving of refinery towers and similar 
vessels up to very large sizes. The car used 
for carrying the work in the furnace, which can 
be seen in the foreground in the illustration, has 
a capacity of 300 tons. 

The furnace is oil fired and the temperature 
is recorded by a sixteen-point pyrometer. Both 
the steel frame door and the furnace are 
insulated by light refractory bricks. 

When the new furnace was completed, an 
older one it replaced was reduced to approxi- 
mately one-half if its original length, and is 
now used for the stress relieving of smaller 
fabricated units. 
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A High-Speed Gear Hobbing 
Machine 


An interesting high-speed, high-produc- 
tion gear hobbing machine has been devel- 
oped by the Michigan Tool Company of Detroit. 
The design of the new machine—which can 
turn out, for example, two 3}in diameter, 
nine pitch, 2 in total face width, twenty- 
two-tooth helical gears to close tolerances in 
only fifty-eight seconds, using high-speed 
steel hobs—is not based on any existing equip- 
ment but was created to meet a definite list of 
desired operating characteristics, including the 
following: the machine was to be ¢apable of 
cutting gears efficiently and automatically at 
speeds up to 1000 r.p.m. of the hob spindle, 
or more, if required. The cycle time of the 
machine was to be reduced to the minimum, 
not only by the high speeds and feeds but by 
reducing unnecessary or excess motion wherever 
possible. It was to be able to cut gears at 
feeds up to }in or more per hob thread per 
revolution of the work. Accuracy of operation 
was to be as independent as possible of machine 
operating conditions. The machine is designed 
to handle any helical or spur gear or spline 
up to 8in diameter and up to 4jin face width. 
The coarsest pitch recommended is 3. The 
operating cycle of the machine is as follows : 
the operator places the work into or on the 
headstock spindle and pushes a button. The 
machine cycle then commences. Initially the 
tailstock centre moves 
into placeunder hydrau- 
lic pressure, which is con- 
tinuously’ . maintained 
during cutting. Next, 
the hob and the work 
spindles start rotating 
in timed st quence and 
the hob spindle column 
moves forward hori- 
zontally so that the hob 
plunge feeds into the 
work. Once the proper 
depth has been reached 
this feed stops and 
the work immediately 
starts to traverse across 
the hob. When the 
end of the work has 
passed the centre line of 
the hob, the hob spindle 
quickly retracts, the 
work returns to the load- 
ing position, spindle 
rotation stops and the 
tailstock centre retracts 
for removal of the work 
and for _ reloading. 
Either climb or conven- 
tional hobbing can be 
used. If, for any reason, 
it is desired or neces- 
sary to interrupt the 
machine action before 
completion of its cycle, 
the operator merely 
pushes the “return” 
button. The hob then 
immediately retracts 
out of the cut and the 
work spindle and tail- 
stock centre return to 
the loading position as the machine stops. 
Among interesting details of the machine is 
the oil air-mist lubrication. Controlled by a 
solenoid, this lubrication system works only 
while the machine is in operation. It provides 
effective continuous lubrication, while running, 
although the oil consumption is only two ounces 
in eight hours. 


Facrory’s 1000TH Arrcrart.—The de Havilland 
aircraft factory at Ches.er delivered its 1000th 
aeroplane on Tuesday, October 9th. The factory 
was taken over in the spring and summer of 1948 
and it has since averaged more than one aircraft 
each working day. This factory makes several 
types of “ D.H.” aircraft, both military and civil, 
and for home and export. 
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French Engineering News 
(From our French Correspondent) 


Coal nationalisation in France has contyj. 
buted towards the unification of a plan to 
increase output and modernise the Norther 
and Pas-de-Calais coal mines. Work now jp 
progress includes the installation of new coke 
ovens and other equipment for treating by. 
products. Extraction plant is now being jp. 
stalled in several new pits in the Noeux area, 
two of which have been sunk, to depths of 
800m and 600m, respectively. At Lens a ney 
pit, 600m deep, is now being equipped and 
another, expected to be sunk to 350m, is nearly 
completed. Twenty-five new coke ovens have 
been constructed at Vendin and twenty-three 
others will be installed before the end of 
1951. Progress is also being made in tho re. 
equipment of the Lievin mines. Three pits 
will have their output increased to 3000 tons 
per day and another to 3300 tons. New pits 
are also being sunk in this area. The thermal 
power station at Harnes is to have its inst.lled 
capacity increased from 120MW to 160MW. 
Work has already started and will be completed 
by 1953. 

* * * 

The French Government is to spend more 
money on aerodromes in its Colonial terri. 
tories. The 1400m tarmac laid out at Fort 
Lamy, in Equatorial Africa, at a cost of 189 
million franes, is to be lengthened to 1800m. 
This will enable “ D.C.4” aeroplanes to land 
safely. The work will start as soon as the rainy 
season finishes. 

* * * 

The Gillette Company is to build a factory 
covering 10,000 square metres at Annecy. It 
is reported that a short while ago engineers 
came from Britain to look at a site in the Paris 
region, as the present installations of the com. 
pany were considered inadequate. A site wes 
chosen at Creil, but the Government refused 
permission to build. as its aim is to preserve the 
Paris area from further industrial development 
as far as possible, the establishment of new 
industries being severely restricted. Finally 
Gillette decided on Annecy and agreed to build 
on condition that housing for workers was pro- 
vided. Credits were granted for the building 
of 275 dwelling-houses. The establishment of 
the Annecy factory is part of the French 
decentralisation plan for industry. 

7 * * 


Monsieur P. Lefaucheux, director of Renault, 
said this week that the nationalised factory 
was producing 425 “‘CV4” vehicles daily, 
compared with 400 in 1950; 983 light lorries, 
against 80 last year ; 85 1-ton lorries ; 45 2-ton 
lorries ; 15 diesel lorries of between 5 and 7 tons, 
and 80 miscellaneous vehicles. He said that 
only thirty agricultural tractors were being 
built every day. He considered this a relatively 
small and certainly an unsatisfactory figure, 
and put it down to the Government’s fuel 
policy. Monsieur Lefaucheux called for a 
special ‘‘ agricultural spirit,” which would 
enable farmers to run machinery at a reasonable 
cost. He was satisfied that if this fuel were 
introduced the mechanisation of French agri- 
culture could be accomplished in a relatively 
short time. 

He said the Government was afraid this 
special fuel might find its way into automobile 
tanks and important revenue would then be 
lost. He* went on to point out that special 
spirit unsuitable for automobiles could be pro- 
duced, and as a special precaution it might 
be coloured. In any case he asked for imme- 
diate action. 

Monsieur Lefaucheux said that the 
factories at Billancourt were too.small, and for 
that reason Renault had decided to build 
another plant at Flins. This plant, which 
would turn out the new “‘ Fregate ” cars, would 
cover some 225,000 square metres. 

He revealed that at Billancourt 18km of 
overhead conveyor had been installed in an 
effort to increase production flow, but the 
plant was turning out 750 vehicles daily and 
this represented its fullest capacity. 

Finally, the director said Renault would carry 
out a decentralisation plan. New factories 
would not be constructed in the Paris area. 
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Industrial and Labour Notes 


Railway Wages 

During the past week, the Railway 
staff ‘Tribunal, under the chairmanship of 
sir John Forster, K.C., has been considering 
the claim for a 10 per cent increase in wages, 
which was put forward jointly by the three 
railway unions at the beginning of August. 
An offer of wage increases amounting to about 
5 per cent, which was made by the Railway 
Executive a few weeks ago, was not acceptable 
to the unions, which then asked that their claim 
should go before the tribunal. 

The case for the National Union of Railway- 
men was put to the tribunal on Friday last 
by Mr. J. B. Figgins, the general secretary. 
He claimed that the difficulties which the 
Railway Executive was experiencing over 
accepting traffic would get progressively worse 
unless it faced up realistically to the necessity 
for an alteration in the wages paid to railway- 
men. It would be difficult, Mr. Figgins asserted, 
to persuade members of the N.U.R. to maintain 
the many concessions which now operated and 
which were agreed to by the union in the hope 
that the Railway Executive would be able to 
handle traffic this winter and to restore the 
full agreement after twelve months. Mr. 
Batey, general secretary of the Associated 
Society of Locomotive Engineers and Firemen, 
who also spoke last Friday, said that, having 
regard to conditions outside the railway 
industry, it was no wonder there was a 
serious shortage of footplate men. He insisted 
that “‘a more adequate recognition of those 
things in the wage rates for present and poten- 
tial employees was long overdue.” 

On Monday, Mr. W. P. Allen, the member 
of the Railway Executive responsible for staff 
and establishment, addregsed the tribunal. 
He claimed that, during the past three and a 
half years, a great deal had been done by the 
Executive to assist all sections of its staff, 
consistent with the obligation upon the rail- 
ways to provide for the public the best possible 
service at reasonable rates and charges at all 
times. The Executive was not satisfied, 
however, with the degree of assistance it had 
received from certain sections of the staff 
in efforts to improve efficiency and reduce 
general operating costs. Conditions of employ- 
ment, Mr. Allen ccatinued, had been improved 
during recent years, apart from pay increases 
which had become operative, and the Execu- 
tive intended, as far as circumstances per- 
mitted, to provide amenities to a standard 
and a scale in keeping with industrial condi- 
tions. Mr. Allen went on to explain that the 
British Transport Commission’s proposals to 
increase fares, which were now before the 
Transport Tribunal, took no account of the 
unions’ present wage claims as a whole. If 
the fare proposals were confirmed, there would 
be an estimated increase in gross receipts of 
approximately £21,000,000, leaving a deficit 
for next year of approximately £26,009,000. 
finally, Mr. Allen said that the wage offer 
made recently by the Railway Executive and 
rejected by the unions, would meaa that some 
employees would receive increases ia excess 
of the cost of living increase, some would be on 
& par with it, and a few would be below. 


Coal Output 


Last week’s output of coal from the 
deep mines amounted to 4,254,600 tons, which, 
with 242,300 tons gained from opencast work- 
ings, brought the total production for the 
week to 4,496,900 tons. Total production for 
the first forty-two completed weeks of this year 
amounted to 178,136,900 tons, which was 
about 4,590,000 tons more than in the cor- 
responding period of last year. 

The latest statistics from the Ministry of 
Fuel and Power show. however, that colliery 
manpower continues to decline, the number of 
wage-earners on the books in the week ended 
October 13th being 694,590, of whom 286,000 
were faceworkers. In the same week total 
coal consumption was 4,221,000 tons, compared 


with 4,131,000 tons in the comparable week of 
last year. Distributed coal stocks on October 
13th amounted to 16,484,000 tons, which was 
1,400,000 tons more than on the same date 
in 1950. The Ministry’s statement adds that 
during the week ended October 13th 4,500 tons 
of imported coal arrived in this country. 


Training for the Bast Use of Manpower 


At the annual meeting of the British 
Association for Commercial and Industrial 
Education, which was held in London on 
Monday last, an interesting address oa training 
for the best use of manpower was given by 
Sir Godfrey Ince, Permanent Secretary of the 
Ministry of Labour. In the course of his 
address, Sir Godfrey said that the main respons- 
ibility for training rested on the educational 
institutions and on industry and commerce. 
Training given by voluntary organisations and 
by Government was supplementary. Training 
took place at two levels, at the “‘ young per- 
son”’ level, for those entering industry and 
commerce, and at the “ adult level,’”’ to make 
men and women more efficient and com- 
petent to take higher grade posts. 

Sir Godfrey went on to emphasise the neces- 
sity of what he called the comprehensiveness of 
training. Industry and commerce, he thought, 
were apt to take a narrow view of training and 
to think only in terms of productive processes 
or commercial practices. Every training scheme 
he urged, should provide instruction as to 
what the firm was doing, why it was doing it 
and how it was doing it, so that every employee 
might know the importance of his own par- 
ticular job and how it fitted into the whole 
organisation. In that connection he felt that 
the value of training in work study was now 
beginning to be appreciated, although he 
thought that it had not yet been widely accepted 
by industry. 

Dealing with the training of young people 
for industry, Sir Godfrey remarked that. 
while many apprenticeship arrangements had 
been brought up to date, he thought that in 
many industries the period of training was still 
too long and could be reduced. With the 
extension of compulsory education to the age 
of fifteen and with modern m>thods of training, 
he was convinced, he said, that long appren- 
ticeships were not necessary, as by intensive 
training methods a very high degree of skill 
could be acquired in a comparatively short 
time. But, Sir Godfrey continued, while there 
had been a marked advance in the apprentice- 
ship field, progress had been slower in the 
training of young people as process workers, 
and much remained to be done by industry to 
improve the arrangements at present in exist- 
ence. He suggested that if intensive methods 
of training were adopted, there was no reason 
why it should not be possible to train a young 
man in two skilled crafts in the time that it now 
took to train him in one. P 

Towards the end of his address, Sir Godfrey 
spoke about training for the higher ranges of 
industry. in commerce, a matter in which the 
educational institutions of this country were 
taking a major part. He thought, however, 
that at ‘‘ school level” there was still quite a 
long way to go. He hoped that the secondary 
technical schools, which were now being 
established, would develop on enlightened and 
practical lines and that the maximum use 
would be made of the knowledge and experience 
of those in industry and particularly of those 
with experience in the training of young people 
in the skilled crafts. 


Employment of Older Workers 


The latest contribution to a series of 
centenary lectures on ‘‘ The Worker in Indus- 
try,” which has been organised by the Ministry 
of Labour, was made last Wednesday by Sir 
Frederick Bartlett, F.R.S. His subject’ was 
“The Employment of the Older Worker.” 

Sir Frederick said that a healthier young 
population was also almost certainly more 


intellectually alert and in that respect the 
older elements would change in the same 
directions. The potential older working popu- 
lation of to-day was relatively keen and alive, 
vocal, and as was natural, was more actively 
concerned with its own interests. Hitherto, 
Sir Frederick cbserved, it had always been 
supposed that the school-leaver, who was 
looking towards industrial employment, would 
as early as possible be given training for the 
career of a lifetime. There were, however, 
plenty of individual instances in which that 
did aot happea and in which early training did 
not fix the lines of all subsequent achievement. 
There might be some evidence, Sir Frederick 
suggested, that exceptions of the kind had 
increased greatly in recent times. If there 
was good evidence that as the bulk of people 
approached middle age there was no regular 
and general decline of capabilities, but there 
were changes, so that some forms of industrial 
employment became less economical and others 
more, then it might become not only sensible 
but necessary to contemplate a normal life of 
two or more careers, with appropriate retraining 
at the proper time. 

Turning to the “ learning processes ’’ of the 
older worker, Sir Frederick said that there 
were many reasons which made their serious 
consideration a matter of great importance. 
Even though there was little that the older 
worker could not do if he was put to it, unless 
far more care was taken than had ever yet been 
taken with the design of the displays and con- 
trols of industrial operations, the price was 
increased strain, an intermittent kind of 
effort, concealed anxiety, which set the stage 
for accidents and illness, and in the end lowered 
productivity. Apart from that, the discovery 
of new materials, new processes, and new 
sources of power could rapidly displace very 
large established operations and almost cer- 
tainly the pace of such inventions and dis- 
coveries would increase. The general trend 
all the time was to move away from the heavy, 
laborious task to the more skilled, relatively 
light, machine-directed operation. But, Sir 
Frederick emphasised, there was still a fre- 
quently expressed view that the predominantly 
machine skills of modern industry were some- 
how less skilled than the old, traditional kinds 
of craftsmanship. That, he claimed, was a 
vulgar error; they were different, but they 
were not less skilled and never were the con- 
ditions of work more fluid, more changing and 
more likely to be revolutionised by new scientific 
discovery than they were to-day. 


Britain’s Overseas Trade 

The final figures concerning this 
country’s overseas trade in September, which 
were published at the end of last week, show 
that the value of United Kingdom exports was 
£298,200,000, a figure which was about 7 pér 
cent below the average of the two preceding 
months. The export price index (1950=100) 
moved up by one point to 125 and, the Board 
of Trade says, in terms of volume, September 
exports were 9 per cent below the July-August 
average. 

Taking the first nine months of this year, 
it has been estimated provisionally that, 
in volume, exports were about 3 per cent 
greater than in the corresponding period of 
1950. The reduction in the value of September 
exports was shared by practically all groups of 
manufactured goods. Exports of metals and 
engineering goods, valued at £94,100,000, were 
£5,200,000 below the total reached in August. 

Imports in September were valued at 
£337,300,000, which was £31,200,000 less than 
in August. Total imports during the third 
quarter of this year were 6 per cent higher 
by value than in the second quarter and the 
volume of total imports in the first nine months 
of this year was from 14 to 15 per cent higher 
than in the comparable period of 1950, The 
index number. of import prices (1950=100) 
remained unchanged at 138. 








Rail and Road 


Mopet Ratway Equipment.—One of the 
biggest orders ever to be placed for model railway 
and other miniature transport equipment is now 
being fulfilled by manufacturer members of the 
Model Engineering Trade Association on behalf 
of the South African Government. The models 
are required for the van Riebeeck Tercentenary 
Exhibition, which is being held in Cape Town next 
year. It will embrace transport as used in the 
Cape and in the subsequent Union throughout the 
period of 300 years. Although railway equipment 
predominates, there will be ten interesting models 
of the pre-railway era, ranging from basket carriers 
to a four-wheel earri: and horse. Modern road 

r and freight vehicles will be represented 
by twenty examples. 

SranDarD LinEsIDE Siens.—The Railway Execu- 
tive has produced designs for standard boundary 
posts, mile posts and gradient boards. The new 
posts and boards will be made of concrete and the 
designs allow for mass production on economical 
lines. Five different types of boundary post have 
been designed. These indicate: the boundary of rail- 
way property, the boundaries of Regions, the bound- 
aries of railway districts, the sections covered by 
inspectors, and the stretches of line maintained by 
various gangs. These boundary posts, together 
with the new mile posts and gradient boards, will 
be provided wherever renewals are necessary or 
additional posts are required. In addition, concrete 
lamp posts which also serve as supports for a plat- 
form, have been designed as a standard part of 
station equipment. The post can be adapted to 
receive either t or fluorescent light- fittings, 
and to avoid overhead wiring, power is fed to the 
fitting through the post from its base. 


+ Air and Water 


Lioyp’s ReeisteR Wreck ReturNns.—Lloyd’s 
Register of Shipping has issued the tonnage of 
ships totally lost or broken up during the quarter 
ended December 31, 1950. Ships of 100 tons gross 
and above totally lost consequent upon casualty 
amounted to seventy-three steamers and motor- 
ships and one sailing ship, with a total of 82,655 
tons gross, including seven steamers and motorships 
of 10,133 tons gross belonging to Great Britain and 
Northern Ireland. Vessels broken up, but not 
consequent upon casualty numbered 116 of 243,811 
tons gross, of which three were sailing ships totalling 
6599 tons gross, and of the total, thirty steamers 
and motorships of 54,659 tons gross were British. 
The gross reduction from all causes amounted to 190 
ships of 326,466 tons gross, which included thirty- 
seven steamers and motorships of 64,792 tons gross 
owned by Great Britain and Northern Ireland, and 
four sailing ships of 7088 tons gross. 


IysTITUTION OF NavaL AkRcHITECTS.—The 
Council of the Institution of Naval Architects has 
made the following scholarship awards :—1851 
Exhibition Commissioners Post-Graduate Research 
Scholarship in Naval Architecture (1949), £500 per 
annum, to Mr. 1. M. Yuille, B.Sc., for one further 
year ; Sir William White Post-Graduate Scholarship 
in Naval Architecture (1951), £150 per annum for 
two years, to Mr. M. C. Eames, B.Sc., of King’s 
College, Newcastle on Tyne; Aluminium Develop- 
ment Association Research Scholarship in the 
Application of Light Alloys to Ship Construction 
(1949), £400 per annum, to Mr. J. B. Caldwell, 
B.Eng., for one further year ; Elgar Scholarship in 
Naval Architecture (1951), to Mr. R. R. Phillips, 
of H.M. Dockyard, Devonport, £175 per annum for 
four years at Glasgow University; Vickers- 
Armstrongs Scholarship in Naval Architecture 
(1951), to Mr. G. A. Smith, of Aldous Successors, 
Brightlingsea, £220 per annum for three years at 
King’s College, Newcastle upon Tyne. 

Areport Facruitres at Cocos Istanp.—The 
Australian Government has approved a capital 
expenditure of £4690,000 to rehabilitate the aero- 
drome at Cocos Island and provide additional 
facilities there to enable the establishment of an 
air service between Australia and South Africa. 
Although the existing structures will be used as 
much as possible, a small village of prefabricated 
homes will be erected to house employees of the 
Department of Civil Aviation, Qantas Empire 
Airways, the Meteorological Bureau and the Shell 
Oil Company. The existing runway of perforated 
steel plate, a temporary wartime construction which 
has deteriorated in some sections, will be replaced 
by an 8000ft runway of crushed coral capable of 
handling with ease Constellations and Strato 
Cruiser aircraft. Power generating equipment, 
radio navigation aids, airport lighting, telephone 
exchange, workshops and a marine base for air-sea 
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Notes and Memoranda 


rescue launches also are planned. It is stated that 
the British Government had generously transferred 
the Cocos-Keeling Islands to Australia so that an 
air base could be developed there. In the event of 
war, this small Indian Ocean atoll could be vital 
to the defence of Australia. It would be useful 
primarily as an alternative air route to the United 
Kingdom. It would facilitate the defence of British 
sea communications in the Indian Ocean and would 
ensure that a landing ground was immediately 
available for use by military aircraft. 
Miscellanea 

Stup WELDING ConFERENCE.—On October 19th 
Cyc-Are Ltd. held its annual conference, which was 
attended by the representatives of the company in 
this country and abroad. Aluminium stud welding 
was particularly considered. The annual dinner 
was held at the conclusion of the conference. 

PoRTOBELLO Power Station Extension.—The 
British Electricity Authority has received the con- 
sent of the Minister of Fuel and Power to the 
extension of Portobello power station by one 60MW 
turbo-alternator and one boiler with an evaporative 
capacity of 540,000Ib of steam an hour. The 
authorisation covers the third of six 60MW sets 
to be installed at Portobello. The first of these is 
already in commission and the installed capacity of 
the station is now 165MW. 

Tue “ Oxp N’1rons” Assocration.—The “ Old 
N’ions”’ Association will hold its twenty-fourth 
annual dinner and reunion on Friday, November 
30th, at the Connaught Rooms, Great Queen 
Street, London, W.C.2. The principal guests are 
to be Dr. W. G. Radley, M.I.E.E., Engineer-in- 
Chief, of the G.P.O., and Mr. C. I. Orr-Ewing, 
M.I.E.E., technical director of A. C. Cossor, Ltd. 
Membership of this Association comprises past 
students of the Northampton Engineering College, 
St. John Street, London, E.C.1. Past students can 
obtain tickets for the dinner from Mr. R. W. C. 
Gilbert, 6, Ella Road, London, N.8. 

Osrruary.—We have learned with regret of 
the death of Mr. F. W. Bickle, which occurred on 
October 17th, at 43, Grove Avenue, London, N.10. 
Mr. Bickle, who was eighty-two, was Principal 
Surveyor for Tonnage in the Mercantile Marine 
Department of the Board of Trade from 1927 to 
1933. We also note with regret the death, on 
October llth, of Mr. Albert E. Hancock, service 
manager of the Hunslet Engine Company, Ltd., 
Leeds. Mr. Hancock was trained in the works of 
Kerr Stuart, Ltd., and, after a short period with the 
North British Locomotive Company, Ltd., joined 
the Hunslet Engine Company, Ltd., over twenty 
years ago. 

IMPROVEMENT OF B.B.C. Home Service Cover- 
AGE.—As announced in June, the B.B.C. intends to 
improve reception of the Home Service in certain 
areas where conditions have proved unsatisfactory. 
This is to be achieved by installing low-power 
transmitting stations in these areas. Two more of 
the twelve proposed stations, making five in all 
so far, will come into operation on October 7th at 
Whitehaven and Barrow. Both transmitters will 
radiate the North of England Home Service, 
Whitehaven on 434m (692kc/s) and Barrow on 
202m (1484kc/s). Both transmitters will ultimately 
have a power of 2kW, but, as the completion of 
the permanent installation will take some time, 
temporary transmitters of lower power will be used 
to provide a service before the winter. It is expected 
that these temporary transmitters will improve 
reception only in the immediate vicinities of the 
towns in which they are situated. 

A Pree Wetpine Etectropge.—The Quasi-Arc 
Company, Ltd., of Bilston, Staffs, announces that it 
has now introduced a special pipe welding electrode 
for the welding of 0-5 per cent molybdenum steels 
and 1-0 per cent chromium—0-5 per cent molyb- 
denum steels being commonly used for high- 
pressure /high-temperature pipe-lines. The covering 
of the elec.rode contains caiicient alloy to ensure 
that the molybdenum content of the weld metal 
is in the range of 0-4 to 0-6 per cent. The electrode 
is of the modern fully extruded type, classified under 
B.S. 1471 as E.316, corresponding to the American 

Jelding Society coding E.6013. The electrode 
conforms to B.S. 639/194 (Class A). It can be used 
for welding butt joints without backing rings (the 
procedure being similar to that followed with the 
standard Q.A. pipe welding electrode), but specifica-. 
tions for power pipe-lines stipulate that backing 
rings must be used. The makers state that normal 
bend and reverse bend test i cut from butt- 
welded molybdenum-steel pipe joints and tested 
both with the backing ring left on and with the 
backing ring removed, have been bent satisfactorily 
through 180 deg. 


ASSOCIATION OF SUPERVISING ELECTRICAL Engr. 
NEERS’ COMPETITIONS.—Members of the Association 
of Supervising Electrical Engineers are invited to 
enter for the Association’s annual competitions fo; 
the W. E. Highfield Shield and the Thurston award, 
The Highfield Shield is awarded for the bes: pa 
not exceeding 2000 words on subjects coinecied 
with the electrical industry and the Assoviatiop, 
The Thurston award is made for the best invention 
or idea contributing to the advancement of | hie ge 
of electricity or the improvement of distribution or 
installation technique. The closing date for both 
competitions is March 31, 1952, and full part iculars 
can be obtained from the General Secretary, 
A.S.E.E., 54, Station Road, New Barnet, Heris. 


InstiruTIon oF Rapio ENGINEERS.—Mr. G. D, 
Clifford, secretary of the British Institution of 
Radio Engineers, has been invited to spend some 
time in India for the main purpose of establishing 
sections of the Institution to be operated uncer an 
Indian advisory committee. The Government of 
India has given all possible help in arranging the 
visit which has been sponsored by the Minisiry of 
Natural Resources and Scientific Research. A 
convention of Indian members of the Institution 
will be held in Bombay in February, 1952, for the 
presentation of local and other papers intended to 
show the development and application of radio and 
electronic engineering in India in both the com. 
munications and industrial fields. Members in 
India are being advised separately of all arrange. 
ments for meetings, but other members who are 
visiting India and who wish to be advised of meet- 
ings, should address their inquiries to Mr. G. D, 
Clifford, British Institution of Radio Engineers, 
c/o Government House, Bombay, India. 


Personal and Business 
Mr. J. Lacuian Sturrock has been appointed 


sales manager of E. Boydell and Co., Ltd., Old 
Trafford, Manchester, 16. 


Mr. A. G. Frypay has resigned his appointment 
as chief of the special products division of Head 
Wrightson Processes, Ltd., to join Monsanto 
Chemicals, Ltd. 


Mr. 8. A. GHatis has been appointed assistant 
chief engineer in the electronic control department 
of Metropolitan-Vickers Electrical Company, Ltd, 
Trafford Park, Manchester. 


Kerra: Burackman, Ltd., Mill Mead Road, 
Tottenham, London, N.17, advises us that its head 


office is now working a five-day week, the hours 


being 8.45 a.m. to 5.30 p.m. from Monday to 
Thursday, and 8.45 a.m. to 6 p.m. on Friday. 


Smirn’s Evectric Veuicxes, Ltd., Team Valley, 
Gateshead-on-Tyne, Il, has appointed Messrs. 
William Murphy, May Street, Belfast, and The 
Murphy Electric Company, Ltd., 7, Upper Stephen 
Street, Dublin, as distributors of its electric vehicles 
in Northern Ireland and Eire respectively. 


AccLES AND Po.tock, Ltd., and Meta SEcTIoNs, 
Ltd. (subsidiaries of Tube Investments, Ltd.), have 
opened a joint Scottish office at the Engineering 
Centre, 351, Sauchiehall Street, Glasgow, C.2 
(telephone, Douglas 6306). Mr. R. H. R. Court is 
the manager, with Mr. H. Foster as his assistant. 


Lonpex, Ltd., 207, Anerley Road, London, 
8.E.20, has acquired a third factory at Croydon, 
8 . The main offices and research section 
remain at 207, Anerley Road, 8.E.20, and the pro- 

and buying departments are established at 
the works at Penge, which the company opened 
two years ago. 


Gurst Keen Batpwins Iron anv STEEL Com- 
PANY, Ltd., states that Mr. L. R. P. Pugh has been 
appointed secretary in succession to Mr. H. W. A. 
Waring, who has left the company to become 
director of the power and steel division of the 
secretariat of the United Nations Economic Com- 
mission for Europe. 


Tue Lonpon Miptanp Recion or BritisH 
RalLways announces the following appointments : 
—Mr. A. Tims, A.M.I.C.E., district engineer, 
Blackburn; Mr. A. H. Emerson, A.M.LE.E., 
electric traction engineer; and Mr. T. E. Wilson, 
A.M.LE.E., assistant electric traction engineer, 
Manchester electrified lines. 


Mr. H. P. Ports, M.I.Mech.E., has been 
appointed managing director of the B.S.A. Tools 
group of companies which includes B.8.A. Tools,, 
Lid., Burton, Griffiths and Co., Ltd. B.G. 
Machinery, Ltd., Cardiff Foundry and Engineering 
Company (1947), Ltd., Index Automatic Machine 
Company, Ltd., and Leo C. Steinle, Ltd. 
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British Patent Specifications 


When an invention is communicated from abroad the 
name and address of the communicator are printed in 
italics. iV'hen an abridgment te-not illustrated the specifica- 
tion is withoud drawings. The date first given is the date of 
application § the second date, at the end of the abridgment, 
Ti 9 main ae ee 

ies OF } i may 4 at latent 
F og Sales Branch, 25, Southampton Buildings, Chancery 
Iane, W C.2, 28. each. 


ELECTRICAL ENGINEERING 


657,896. February 22, 1949.—-SEaLING THE MovING 
Parts OF Gas-FILLED oR HypRoGEN-COOoLED 
GenERATORS,  Aktiengesellschaft | Brown, 
Boveri et Cie, Baden, Switzerland. 

The invention consists in an arrangement for 
waling the moving parts of gas-filled or gas-cooled 
machines by means of a liquid seal, particularly 
at the bearing points. The drawing shows the shaft 4 
of an electrical generator which passes through a 
casing B and is supported in a bearing at C. The 
casing of the generator is filled with gas supplied 
at a pressure above that of the surrounding atmo- 
sphere in order to prevent air from entering the 
casing through unavoidable leaks. At the point 
where the shaft emerges from the casing is a liquid 
sal D which absorbs the pressure difference 
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between the gas and the atmosphere. On the 
atmospheric side is a sealing chamber H which 
is filled with the same gas as that used to 
cool the generator. In order to prevent air 
from entering the space a diffusion gap @ is 
provided which allows just sufficient gas to escape 
to the atmosphere so that it is impossible for air 
to enter. The space Z can be — separately 
with gas by means of the pipe /, the gas losses 
during operation being compensated by a constant 
fresh supply. A modified constructional form of the 
invention is also shown in the specification in which 
the sealing liquid (oil) flows away from the seal 
over the two pipes on each side of it, connected to 
asingle pipe which leads to the pump, so that the 
sealing liquid which contains hydrogen is pumped 
back to the liquid seal in a closed circuit separate 
from the lubricating oil system for the bearings.— 
September 19, 1951. 


INTERNAL COMBUSTION ENGINES 


657,905. October 13, 1948.—AvuTomatic ConTROL 
or Or CrrcuLaTION IN INTERNAL COMBUSTION 
Enornes, Beville Garland Chappel, 63, 
Anemone Road, Primrose, Germiston, South 
Africa. 

The drawing shows a side elevation of the device 
attached to an oil splash trough with a dotted line 

X—Y showing the normal level of oil in the engine 
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sump, and a plan. In accordance with the invention 
& temperature-o ted bi-metal —~ A is placed 
at the side of the oil splash trough B with one of 
its ends attached to the side by means of screws C. 
The other end is free and has a tapered plug D of 
impervious material attached to it. In the side of 
the oil splash trough and in line with the tapered 
plug on the free end of the bi-metal strip is a ta; 

aperture Z which can be closed by the a D. The 
temperatures of flowing oil acting on the bi-metal 
strip govern the opening or closing of the aperture 
by the action of the tapered plug. The strip is so 
arranged that the lower the oil tem: ture the 
larger will be the opening, and the higher the oil 
temperature the pois, vom will be the opening. While 
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the existing oil 


y vents F in the oil splash 
trough may be 


jently large to. supply the 
necessary requirements of the engine when the oil 
has become heated and is in a highly fluid state, 
this may not be the case when the oil is cooled and 
at a lower temperature, and the invention therefore 
ensures an automatically regulated means for main- 
taining @ constant and uniform oil supply.— 
September 26, 1951. 


MACHINE TOOLS, 


657,048. May 22, 1947.—Macuine Toot Car- 
RBIAGES AND TaBLes, Jean Brunel, 130, rue de 
Saint Chamond, Saint-Etienne (Loire), France. 

Generally, the different transverse and longi- 
tudinal movements of the carriages and tables in 
machine tools are provided through slides of dove- 
tailed or V-sha; cross sections and cast in one 
with the frame. According to the invention, the 
rack is given a T-shaped cross section, the flanges 
of the T being housed by plates over the sides of 
the grooves, while the rack is provided at its ends 
with blind perforations housing adjustable guides 
carried. by supports rigid with the carriage and 
round which are wound springs mounted between 
the rack and the corresponding support rigid with 
the carriage, the carriage and the table being also 
arranged to slide over cylindrical rods. In the 
drawing a T-shaped rack A slides underneath the 
carriage B. Small plates C screwed to the carriage 
hold the rack in its correct position inside 
the slide. The rack is provided at each end with 

a longitudinal recess housing an adjustable guide 

D carried by a support rigid with the carriage. 

A coil spring Z wound round the guide is inserted 

between the rack and the carrier F and provides a 
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damping stop whereby, when the driving pinion is 
in mesh, it is possible to provide for a permanent 
engagement between the teeth of the rack and the 
driving pinion. The slides or guides for the table 
consist of rods shouldered at their ends and secured 
to bearings rigid with the frame. Similar - 
ments are provided in the longitudinal direction 
for which the shouldered rods G carry the carriage 
B through their ends, the rods being carried in 
their turn by ing members fitted on the table 
and rigidly secured to it. The transverse control of 
the table is by means of a screw with a square 
thread, driven through ‘intermediary pinions 
by the outer handwheel. The compensation of 
the possible play in the screw is ensured by a nut 
made of two half-shells associated with thrust- 
exerting springs housed in a support rigid with 
the frame. With such an arrangement there is 
obtained a permanent fitting without any play of 
the nut with reference to the screw, giving 4 
greater accuracy for the movements of the table.— 


September 12, 1951. 
WORKSHOP TOOLS AND APPLIANCES 


657,727. March 14, 1949.—Cotp Worxine Hottow 
Metat Ossects.—Aktiebolaget Bofors, of 
Bofors, Sweden. 

According to the invention a simple method of 
effecting a certain change in shape of hollow objects, 
mainly for the of increasing the tensile 
strength, especially the yield point, is achieved 
by utilising the dynamic shock wave that arises 
from the detonation of an explosive within a hollow 
object which is at both ends, so that the use 
of dies and moulds is rendered unnecessary. In 
the uj drawing a container A is shown filled 
with water to the level B. In the container a ring C 
is set up on wooden blocks D or similar supports 
in such a way that its lower edge is the same distance 
from the bottom of the container as its upper edge 
is from the water level. An explosive charge Z F 
is placed in the centre of the ring, the ends of the 
charge projecting beyond the ends of.the ring. In 
the centre view 
worked. An explosive charge with a detonator for 
central ignition is placed in the centre. As shown, 
the charge is formed with grooves H to aligr. 
with the ends of the ring in order to produce a 
shaped charge effect, so that the ring will retain its 
proper cylindrical form after the detonation. The 
two lower views show how a cylindrical ring J 
can be c! into a conical one by means of a 
cylindrical c centrally placed and detonated 


indicates a ring that’is to be cold 


543 


atoneend. Jm order to illustrate the uniform effect 
obtained when cold working according to the 
invention, the following example of the treatment 
of spacing rings for turbines is given. Cold working 
by causing T.N.T. charges to detonate was carried 
out with ten spacing rings, the rings before process- 
ing having dimensions O.D.=648mm and 534mm, 
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I.D.=509mm and 348mm respectively. After the 
detonation, the mean values of the corresponding 
diameters, measured in two directions’ at right 
angles to each other, were 696mm and 579mm and 
563mm and 408mm respectively, with a maximum 
deviation from the mean value that was less than 
2mm.—September 26, 1951. 


TUBE AND PIPE COUPLINGS 


657,949. June 13, 1949.—FLaretess TusEe Covur- 
Linc, George Victor Woodling, 925, Euclid 
Avenue, Cleveland, State of Ohio, U.S.A. 

As shown in the drawing, the coupling body A 
has at its right-hand end male threads engaged by 
female threads in the nut B for pressing the sleeve 
into engagement with the tube C. The coupling 
body is provided with a first entrance flare D and a 
second entrance flare Z to receive the tube. The 
second entrance flare comprises. a counterbore 
having a slightly tapered wall section of about 
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1 deg. or 2 deg., into which the end of the tube is 
received to provide a seal with the coupling body. 
The tapered first entrance flare D extends outwards 
toward the end of the coupling body from the 
counter bore H, and its taper may be 10 deg. to 
12 deg. The sleeve F comprises a continuous 
annular body provided with rearward - extending 
segmental fingers G which grip the tube when the 
nut B is tightened. It is constructed of steel, 
hardened and tempered throughout to a hardness 
value greater than that of the tube. A modifica- 
tion is also shown in the specification.—September 
26, 1951. 


MISCELLANEOUS 


657,706. September 30, 1948.—LuszricaTInG 
UnpreR PressuRE, Emmerich Satzger, of 
Alex. Friedmann, Kommanditgesellschaft, Am 
Tabor 6, Vienna II, Austria. 

The object of the invention is to simplify lubri- 
cating systems. It is based on the discovery that 
it is necessary under all circumstances to insert 
blocking devices in the paths of the lubricant for 
protecting the source of pressure against temporary 
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pressure reactions of the medium at the outlet. 
The drawing shows diagrammatically a pressure 
lubricating plant constructed in accordance with 
the invention. A lubricating pump A driven by a 
rocking lever B forces the lubricant through the 
line C to the distributor D. Directly before the 
distributor a blocking device, consisting, as shown, 
of a non-return valve Z, is inserted so as to open in 
the direction of the distributor. From the dis- 
tributor four branch pipes convey the lubricant to 
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the individual outlets. During the operation of the 
pump the pipe-line is always entirely filled with 
lubricant and the quantity of lubricant delivered 
by the pump enters the distributor directly through 
the non-return valve.—Spetember 26, 1951. 


MISCELLANEOUS 


656,811. October 19, 1948.—RapiaTors FOR 
Heatine Buiprnes, Bata, Gottwaldov, for- 
merly known as Zlin, Czechoslovakia. 

The accompanying drawing shows the radiator 
which, in accordance with the invention is made of a 
combination of metal and concrete. The upper view 
is a horizontal section and the, lower view is a 
vertical section through the heating body. A 
continuous conduit formed by pipes A for the 
heating medium is embedded in a concrete mass 
B which on one side is enclosed in a metallic 
sheath C. To improve the heat transmission 
the sheath is preferably corrugated to increase 








its surface area, and the bottom of each 
corrugation is in contact with one of the pipes 
through which the heating medium flows. The 
concreie is reinforced by means of wire netting D. 
The concrete, which is preferably of a type contain- 
ing relatively fine sand, has metal par.icles incor- 
porated in it to improve the thermal conductivity. 
In addition to the advantages in respect of operation 
and capacity of heat accumulation, such a radiator 
has furcher advantages in respect of manufacturing 
cost, since a lot of metal is saved and moreover the 
manufacture itself is more rapid, as it is not neces- 
sary to use special moulds, which in the present 
case are conveniently replaced by the sheath of the 
radiator.—September 5, 1951. 





* 
Forthcoming Engagements 
Secretaries of Instituti Societies, &c., desirous of 





having notices of meetings inserted in this column, are 
requested to note that, in order to make sure of their insertion, 
the necessary information should reach this office on, or 
before, the morning of the Monday of the week preceding 
the meetings. In all cases the TIME and PLACE at which 
the meeting is to be held should be clearly stated. 


Association of Supervising Electrical Engineers 


Mon., Oct. 29th——BournneMouTH BrancH: Grand 
Hotel, Firvale Road, Bournemouth, Film Show, 
8.15 p.m. 


Wed., Oct. 3lst.__Kent Brancu: Sun Hotel, Chatham, 
Film Show, 8 p.m. 

Thurs., Nov. 1st—S. Lonpon Brancu: Cafe Royal, 
North End, Croydon, ‘ Fluorescent Lighting,” H. 
Windebank, 8 p.m. 


Chemical Society 

Thurs., Nov. 1\st.—Burlington House, Piccadilly, Lon- 
don, W.1, Reading of Original Papers, 7.30 p.m. 

Mon., Oct. 29th—LzEps CENTRE: lighting Service 
Bureau, 24, Aire Street, Leeds, 1, “‘ Festival Year in 
Britain,” T. O. Freeth, 7 p.m. 

Thurs., Nov. 1st.—LetcesTER CENTRE: LE. Midlands 
Electricity Board, Charles Street, Lefvester, “‘ Lighting 
for Schools,” J. F. Roper, 6.30 p.m.——NorTrincHamM 
CenTRE: E. Midlands Electricity Board, Smithy 
Row, Nottingham, ‘‘ Modern Airport Lighting,” J. W. 
Morse, 5.30 p.m. 

Fri., Nov. 2nd.—Sroxe-on-TRENtT Group: 31, Kings- 
way, Stoke-on-Trent, ‘‘ Stage Lighting,’’ E. Faraday, 
6 p.m. 

Institute of British Foundrymen 

To-day, Oct. 26th.—F aLKink SEcTiIon : Temperance Cafe, 
Lint Riggs. Falkirk, American Gating Film, 7 P= 

Wed., Oct. 3lst—Lonpon Branen: Waldorf Hotel, 
Aldwych, W.C.2, “‘ Pattern Making—Some Present- 
Day Practices,” B. Levy, 7.30 p.m. 

Sat., Nov. 3rd.—Watzs anp Monmovuta Brancu: 
2 . 


’ Institut 





gineers , Cardiff, “ Intricate Castings fram 
Durable Loam Moulds,” J. Currie, 6 p.m. 


THE ENGINEER 


Institute of Industrial Supervisors 

To-day, Oct. 26th.—Guascow Srcrion: Royal Technical 
College, Gl w, ““The Foreman and the Factories 
Acts,” K. G. Tupling, 7.30 p.m. 

Wed.,, Oct. 31st.—Bristou Section : Wallington Weston, 
Ltd., Frome, Industrial Film Show, including Motion 
Study Films, 7.30 p.m, 

Thurs., Nov, 1st.—Coventry Section: Humber, Ltd., 
Coventry, ‘‘ American Foremanship Report,” J. R. 
Pickup, 7.30 p.m.——S.E. Lonpon Section: Fraser 
and Chalmers, Engineering Works, Erith, “‘ American 
Foremanship Report,” W. J. Izzard, 6.30 p.m. 


Institute of Marine Engineers 
Thurs., Nov, lst-—Medway Technical College, Gardiner 
Street, Gillingham, “The Construction of Marine 
Boilers,” A. P. Monk, 7 p.m. 


Institute of Physics 
Fri. and Sat., Nov. 2nd and 3rd.—Institution of Electrical 
Engineers, Savoy Place, London, W.C.2, Autumn 
Conference, 1951, “The Structures of Silicate 
Minerals.” Fri., “Calcium Silicates,” 2.15 p.m., 
** Felspars,” W. H. Taylor, 8.30 p.m.; Sat., “ Clay 
Minerals and Asbestos,” 9.45 a.m. 


Institution of Civil Engineers 
Tues., Oct. 30th.—ManiTiME ENGINEERING DrvisION : 
Great George Street, Westminster, S.W.1, ‘“ The 
Design and Construction of New Deep-Water Quays 
at Leith,” M. C. White, 5.30 p.m. 


Institution of Electrical Engineers 
Mon,, Oct. 29th.—Rapio Section: Savoy Place, Lon- 
don, W.C.2, Discussion on “‘ The Social Implications 
of Television,” opened by F. H. Townsend, 5.30 p.m. 
Tues., Oct. 30th.—N. Mipianp CENTRE: Royal Station 
Hotel, York, ‘‘ The Control of Hydro-Electric Plant,” 
W. Brittlebank and A. C. H. Frost, 7 p.m. 
Wed,, Oct. 3lst.—Suprty Section: Savoy Place, Lon- 
don, W.C.2, Chairman’s Address, R. Davis, 5.30 p.m. 


Institution of Mechanical Engineers 

To. , Oct. 26th.—Storey’s Gate, St. James’s Park, 
8.W.1, “The Principles of Continuous Gauge Control 
in Sheet and Strip Holling,” W. C. F. Hessenberg and 
R. B. Sims, 5.30 p.m. 

Tues., Oct. 30th—Miptanp Brancnw: James Watt 
Memorial Institute, Great Charles Street, Birming- 
ham; Chairman’s Address, G. F, Mucklow, 6 p.m. 

Wed., Oct. 3lst.—WrsTERN BraNncuH, GRADUATES’ 
Section : College of veraptig Unity Street, Bristol, 
“Evaporation of Metals in a Vacuum,” V. R. Mey- 
rowitz, 7 p.m.——- YORKSHIRE BRANCH, GRADUATES’ 
Section: The University, Leeds, “ Investigation into 
Industrial Flow Problems by Model Technique,” 8. H. 
Brookes, 7 p.m. 

Thurs., Nov. lst.—N.W, Brancu : 
Albert Square, Manchester, “* Investigations Concern- 
ing Flow Conditions in a Centrifugal Pump and the 
Effect of Blade Loading on Head Slip,” J. F. Peck, 
6.45 p.m.——Scorrish Brancu, Grapvuates’ SEc- 
TION: Royal Technical College, Glasgow, ‘‘ Machinery 
Trials on a Merchantman,” F. 8. Drew, 6.30 p.m. 

Fri., Nov. 2nd.—Storey’s Gate, St. James’s Park, 8.W.1, 
“Some Factors Affecting Wear on Cemented Carbide 
Tools,” E. M. Trent, 5.30 p.m. N.E. Brancu : 
Northern Gas Board Showrooms, Grainger Street, 
Newcastle upon Tyne, “ Everyday Eagineering,” J. E. 
White, 7 p.m. 

Institution of Mining Engineers 

Sat., Oct. 27th.—Prince of Wales Hotel, Harrogate, 

“Strata Control and the Influence on Underground 
and Surface Damage,” N. E. Webster, 11.15 a.m. 


Institution of Production Engineers 

Tues., Oct. 30th.—Eo1npurcu Section: Works Visit 
to Craig and Rose, Ltd., Leith Walk, Ejinburgh, 6, 
7.30 p.m. Lutron Section: Town Hall, Luton, 
“Investment Casting by the Lost Wax Process,” 
G, W. Paget, 7.15 p.m. 

Wed., Oct. Sint —dawoonss Section: Ruston and 
Hornsby, Ltd., Boultham Works, Lincola, ‘“ The 
Craftsmanship of Mtr rs Applied to American Brass 
Foundry,” F. E. Rattlidge and E. Mantle, 7.30 p.m. 
——Surewsspury Section: Walker Technical Col- 
lege, Oakengates, Salop, ‘‘ Ball and Roller Bearings 
Manufacture and Application,” R. K. Allan, 7.30 p.m. 

Thurs., Nov. lst.—Guascow Section: Iuastitutioa of 
Engineers and Shipbuilders in Scotland, 39, Elmbank 
Crescent, Glasgow, C.2, Film Night and Discussion : 
(1) “ Hydroptie Boring and Milling Machines”; (2) 
**The Hone Abrading Process and the Generation of 
Metallic Bearing Surfaces,” 7.30 p.m. 


Institution of Structural Engineers 
To-day, Oct. 26th.—M1pLanp CountTiEs Brancx;: James 


Watt Memorial Institute, Great Charles Street, 
Birmingham, Chairman’s Address, W. H. Veal, 6 p.m 


Junior Institution of Engineers 
To-day, Oct. 26th.—39, Victoria Street, Westminster, 
8.W.1, Exhibition, showing exhibits with historic 
connections with the Institution, 9.30a.m. to 8.30 p.m. 
Fri., Nov. 2nd.—39, Victoria Street, London, 8.W.1, 
Film Evening, ‘‘Conerete”; “Moving Earth,” 
introduced by H. E. Hodgson, 6.30 p.m, 
Leeds Metallurgical Society 
Thurs., Nov. lat. istry Department, The Uni- 
versity, Leeds, ‘Some Structural. Aspects of 
isation,” R. E. Borall, 7 p.m. 
Manchester Association of Engineers 
Fri., Nov. 2nd.—Eagineers’ Club, Albert Square, 
Manchester, ‘‘ Modern Methods of Sound Reprodue- 
tion,” J. R. G. Vernon, 6.45 p.m. 


North-East Coast Institution of Engineers and Shipbuilders 
To-day, Oct. 26th.—Stephenson Building, King’s College, 


Newcastle upon Tyne, “ Photography at Sea of Ship 
Propeller Cavitation,” J. W. Fisher, 6.15 p.m. 


Engineers’ Club, 
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Railway Executive 
Wed. to Thurs., Oct. 31st to Nov. 1st.—Marylebone Goods 
Depot, Rossmore Road, N.W.1, Public D; monstra, 
tions of Permanent-Way Mechanical Evjuipmen 


1 p.m.-4 p.m., each day: 


Royal Aeronautical Society 

Tues., Oct. 30th.—4, Hamilton Place, Lond mn, W,1 
“Supersonic Propellers,” W. F. Hilton, 7 p.n,  *” 

Thure., Nov. 1st.—lastitution of Civil E gine: rs, Great 
George Street, Westminster, 8.W.1, Films Associated 
with E. G. Stout’s Lecture to the Thir.i Anglo. 
American Conference on A Review of High-Speed 
Hydrodynamic Development, 6 p.m. 

Royal Institution of Great Britain 

Fri., Nov. 2nd.—21, Albemarle Street, London, W.| 
“Experiments with High Energy Nucleons and 
Quanta,” Sir John Cockcroft, 9 p.m. 

Sheet and Strip Metal Users Technical Asscciation 

Wed. to Fri., Oct. 31st to Nov, 2nd.—Charing Cross Hotel 
London, W.C.2, Annual Winter Conference. , 

Society of Instrument Technology, Ltd. 

Tues, Oct. 30th.—-Royal Society of Tropical Medicine 
and Hygiene, Manson House, Portland Placw, London, 
W.1, “Development of Materials for Instrument 
Manufacture,” fe B. Moss, 7 p.m, 

Stephenson Locomotive Society 


Thurs. to Sat., Nov. lst to 3rd.—Midland Institute, 
Ratcliff Place, Birmingham, Midland Centre’s Fifth 


Anniversary Exhibition, Thurs. and Fri., 6 p.m. to 
9p.m.; Sat., 11 a.m. to 6 p.m, 
Women’s Engineering Society 
Mon., Oct. 29th.—MancuEster Branow:  Enginvers’ 
Club, Albert Square, Manchester, “‘Some New 
Materials and their Application,” R. F. Archer, 


6.30 p.m. 


Codes of Practice 
The Council for Codes of Practice for Buildings— 
Construction and Engineering Services, is under the gis 
of the Ministry of Works. Codes are issued on behalf of 
the Committee by the British Standards Institution, 
24-28, Victoria Street, London, S.W.1. 


BROADCAST RECEPTION—SOUND AND 
TELEVISION BY RADIO 


~ Code 327.201. The Council for Codes of Practice 
for Buildings has now issued this Code. It was 
drawa up by a committee convened on behalf of 
the Council by the Institution of Electrical Engi- 
neers, and the present Code is a revision of the draft 
previously issued for comment. The Code forms 
part of the series dealing with telecommunication 
services in buildings and sets out recommendations 
for good recep.ion of sound broadcasts on the long, 
medium and short-wave bands, and of television 
broadcasts. Supplementary information will be 
given in Code 327.300, ‘Sound Distribution 
Sys.ems,” which will be issued shortly. Recom- 
mendations are made for the provision of aerial 
sys.ems appropriate to various purposes and to 
various classes of buildings and for the earth- 
ing of radio equipment. Particular attention is 
given to measures for reducing the effect of elec 
trical interference. Power supplies and wiring are 
dealt with and recommendations are made for the 
provision of structural accommodation when 
required. Sections on inspection and testing and on 
maintenance are included. Appendices deal with 
the segregation of telecommunication circuits 
and with special types of cables, including radio- 
frequency feeders. Six diagrams of aerial systems 
are included... The Code carries the usual warning 
that, in the present abnormal conditions, it may not 
be sedis’. to carry out all the recommendations, 
Price 6s., post free. 





Launches and Trial Trips 


Norre-DAME DE LA GARDE, motor trawler; 
built by Chantiers et Ateliers Augustin Normand 
for the Marine Marchande ;_leng.h between perpen- 
diculars 32m, breadih moulded 7m, depth moulded 
4-05m, draught 3-38m; M.A.N. four-stroke, single- 
acting, diesel engine, six cylinders, 450 h.p. at 
207 r.p.m. 

SAXONGLADE, tanker; built by Vickers-Arm- 
strongs, Ltd., Walker, for the North American 
Shipping and Trading Company (London), Ltd. ; 
leag h between perpendiculars 528ft, breadih moul- 
ded 75ft, depsh moulded 40ft, deadweight 20,000 
tons on 30ft 6in draught; one set of double- 
reduction geared turbines taking steam from two 
Babcock and Wilcox boilers, 6650/8300 s.h.p., speed 
14} knots. Launch, October 3rd. 


Attantic DuxKE, motor tanker; built by Smith’s 
Dock Company, Ltd., for Mr. Stavros George 
Livanos, Pireaus; leng h between diculars 
500ft, breadth moulded 6¥ft 6in, depth moulded 38ft, 
deadweight 16,500 tons on 29ft Qin draught ; 
Hawithorn-Doxford oil engine, five cylinders, 670mm 
diameter by 2320mm combined stroke, 5500 b.h.p. 
at 112 r.p.m. Launch, October 3rd. 


No 


